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FOREWORD
This Final Report provides the results obtained in the Shuttle Cryogenics Supply System
Optimization Study, NAS 9-11330, performed by Lockheed Missiles & Space Company
(LMSC) under contract to the National Aeronautics and Space Administration, Manned
Spacecraft Center, Houston, Texas. The study was under the technical direction of
Mr. T. L. Davies, Cryogenics Section of the Power Generation Branch, Propulsion
and Power Division. Technical effort producing these results was performed in the
period from October 1970 to June 1973.
The Final Report is published in eleven volumes*:
Volume I — Executive Summary
Volumes I, III, and IV — Technical Report
Volume VA-1 and VA-2
Math Model - Users Manual
Volume VB-1, VB-2, VB-3, .
and VB-4 Math Model - Programmer Manual
Volume VI - Appendixes
The LMSC Staff participants are as follows:
Study Manager L. L. Morgan .
Subsystem Evaluations C. J. Rudey
D. P. Burkholder
C. F. Merlet
W. H. Brewington
Integrated Systems H. L. Jensen
Component Analyses B. R. Bullard
. F. L. Bishop
*The Table of Contents for all volumes appears in Volume I only. Section 12 in
Volume HI contains the List of References for Volumes I through IV.
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Section 1.0
INTRODUCTION TO THE CRYOGENIC INTEGRATED MATH MODEL PROGRAM (TCIMM)
1.1 PROGRAM DESCRIPTION
The Integrated Math Model for Cryogenic Systems is a flexible, broadly applicable
systems parametric analysis tool. The program will effectively accommodate systems
of considerable complexity involving large numbers of performance dependent variables
such as are found in the individual and integrated cryogen systems. Basically, the
program logic structure pursues an orderly progression path through any given sys-
tem in much the same fashion as is employed for manual systems analysis.
The system configuration schematic is converted to an alpha-numeric formatted con-
figuration data table input starting with the cryogen consumer and identifying all
components, such as lines, fittings, valves, etc., each in its proper order and end-
ing with the cryogen supply source assembly. Then, for each of the constituent
component assemblies, such as gas generators, turbo machinery, heat exchangers, accumu-
lators, etc., the performance requirements are assembled in input data tabulations.
Systems operating constraints and duty cycle definitions are further added as input
data coded to the configuration operating sequence. Characteristic performance data
over the range of temperatures, pressures and flow rates of interest for each of
the, functional component assemblies, is input to the program or table look-up data
arrays to be called as needed in the analysis sequences. The use of table look-up
data combined with closed-form solution analysis, where needed, permits the rapid
computation of the desired parameters as the analysis proceeds through the system
configuration.
The program will size the system to fit the operating demands and constraints
and produces as output the component and system hardware size and weight, pro-
pellant (or reactant) weight, vented fluid weight, and such analytical information
(i.e., computed performance values) as may be desired. The analytical results
are displayed both as time dependent data tabulations and summary table data.
1.1.1 PROGRAM PURPOSE
The intended purpose of the program is to provide an analytical tool which permits
rapid parametric evaluation of the various types of cryogenics spacecraft systems
1
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currently under study in the national- space program. The mathematical techniques
built into the program provides the capability for in-depth analysis (combined
with rapid problem solution) for the production of a larger quantity of soundly
based trade-study data than normally would be obtained in hand calculations. Pro-
gram flexibility in accommodating advanced systems resides in its modular type
programming which permits program growth with simple addition of new subroutines
and the addition of variables to existing common banks. Conversely, the program
is easily dismantled if it is desired to limit analysis to only one or two systems
and utilize a smaller computing machine.
In summary, the purpose of the program may be said to be that of providing an
improved general analysis tool for cryogen technology applications.
1.1.2 PROGRAM STRUCTURE
The Integrated Math Model for Cryogenic Systems consists essentially of three major
sections as illustrated in Figure 1.1.2-1. Within each of the major sections the
structure is further broken into block subsections, each of which is reserved for
specific functions of data management, data utilization or analytical data display.
1.1.2.1 PROGRAM INPUT DATA LOGIC
Of necessity, the program requires a rather large data bank capable of providing
characteristic performance data for the wide variety of component assemblies
found in typical cryogen systems.
Program data requirements for the Integrated Math Model are divided into two types.
The first type consists of the "semi-permanent" data tables which the program employs
to compute performance, weight, property, and other characteristics as a function of
up to four variables per run.
The table data bank contains the necessary component performance characterization
data for the system configurations to be considered, as well as the required cryo-
gen properties data and required material properties data.
The "source data", as obtained, is verified as being authoritative, and is then
processed into a formatted tabular array which specifies the table name, ID codes,
2
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PROGRAM INPUT
SYSTEM(S) CONFIGURATION
INPUT PARAMETERS (EACH SYSTEM)
TABLE DATA BANK (FUNCTIONAL PROPERTIES DATA)
PROGRAM OPTIONS (INPUT/OUTPUT CONTROL)
PROGRAM INSTRUCTIONS (COMPUTATION OPTIONS)
PROGRAM COMPUTATION
MASS TRANSFER - ENERGY REQUIREMENTS - FLUID
STATE DETERMINATION - THERMODYNAMIC PROCESSES -
RESIDUALS - FLUID FLOW COMPUTATIONS - HEAT TRANSFER -
SIZING CALCULATIONS - WEIGHT DETERMINATIONS -
- FOR -
CRYOGENIC CONSUMER - LINES - FITTINGS - ^CONTROLS -
ACCUMULATORS - HEAT EXCHANGERS - GAS GENERATORS -
TURBINES - MOTORS - PUMPS. FLUID CONDITIONERS -
FLUID TANKS - PRESSURIZATTON PROCESSES - ACQUISITION
DEVICES - GAS PRESSURE BOTTLES
PROGRAM OUTPUT
OUTPUT FORMAT - HARD COPY
- PLOT COPY
- TAPE GENERATION
- DRUM STORAGE
PARAMETRIC RECYCLE - DATA BETRIEVAL
FIGURE 1.1.2-1 MAJOR PROGRAM STRUCTURE
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the dependent variables, and the independent variables—in order of use. The tabu-
lated array data is carefully ordered such that curve fitting routines can extra-
polate data points with good accuracy and speed. The prepared data array is punched
into data card decks and verified for correctness. The procedure is illustrated in
Figure 1.1.2-2. All data tables are logged as to reference, source, date of data
acquisition, and pertinent data limitations such as range of application, etc.
Since a large volume of table data can be required by the program, a unique data
management set of subroutines is employed to retrieve any particular table and
extract the required information with remarkably high speed and accuracy. Addi-
tionally, a machine plotted and/or printed tabulation "echo" of the tables can
be requested for easy table input checking.
The program currently contains forty-six tables and currently will accommodate up
to fifty tables for a total of TOGO words.
The second type of input data is "variable" and contains the variable input para-
meters which may be perturbated for parametric system studies. These data include
duty cycle characteristics, configuration, description, and operational requirements
of the system being studied. The variable input values are printed out just prior
to the system computed data output as a means of input verification.
The general program input data requirements by type of data and source is illus-
trated in Figure 1.1.2-3.
1.1.2.2 PROGRAM COMPUTATION LOGIC
In order for the Integrated Math Model to accomodate the possible range of cryogenic
systems likely to be considered and perform as a general systems analysis tool,
the following three premises are established:
(l) Any logical combination of supply tanks, lines, fittings, valves, regulators,
heat exchangers, gas generators, pumps, accumulators, and "cryogen-consumer"
components can be specified as a system configuration point.
(2) The "cryogen-consumer" component .may be any of the components being supplied
with cryogenic fluids.
LOCKHEED MISSILES 8c SPACE COMPANY
LMSC-A991396
COMPONENT CHARACTERIZATION DATA
SOURCE
DATA
PUMP WOT
S
A"
*,
DATA CARDS
CRYOGEN
PROPERTIES
TABLE INPUT
MATERIALS PROPERTIES DATA
TABLE
DATA
ALUMINUM
XXXX-TX
F DATA
SOURCE -XXXX
DATA CARDS
MATERIALS
PROPERTIES
TABLE INPUT
PROGRAM INPUT
TABLE DATA
BANK
FIGURE 1.1.2-2 SOURCE DATA PREPARATION SEQUENCE
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— LMSC DATA
— NASA DATA
—NATIONA L LABS DATA
-SUPPLIER DATA
-THEORETICAL DATA
—TEST DATA
SOUUCE DATA
COMPONENT
CHARACTERI-
ZATION DATA
CRYOGEN
PROPERTIES
MATI. PROP
OTHER
MISSION DEFINITION -
BASIC ENGINEERING
ANALYSIS, THERM.
TOP, FLfTO
SYSTEM SCHEMATIC
FUNCTIONAL SEQUENCE
DUTY CYCLE
DEFINITION
COMPONENT
PARAMETEKS
CONFIGURATION
SEqiT.NCE
CAS
FUEL CELL
LINE
FITTING
LINE
CONTROL
LINE
TAP
DATA CARDS
TABLE DATA
INPUT
DATA RUN
CARDS
INPUT
PARAMETERS
/ . P A R A M E T H I CSYSTEM ANALYSISOUTPUT DATA
FIGURE 1.1.2-3 PROGRAM INPUT REQUIREMENTS BY TYPE OF DATA
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(3) An integrated cryogenic system may contain a number of similar and/or
different cryogen subsystems to be fed from a common cryogen supply
source.
Although these premises appear to force the generation of a very large pro-
gram, an examination of the six basic individual cryogen system concepts reveals
a marked similarity and commonality of components by kind. Table 1.1.2-1 illus-
trates adequately the fact that there are less than twenty-five kinds of major
component assemblies to be considered,additionally, the temperatures, pressures,
and flow rates are for the most part within reasonable range spans, thus further
reducing the quantity of data to be manipulated.
I.li3 PROGRAM OPERATIONAL SEQUENCE
The program capability for accommodating a number of different kinds of systems
analysis, derives from the use of built-in sequencing indices. The indices
are stored as data statements in subroutine ST0DTA, and are readily available
to a programmer or knowledgeable program-user for restructuring, if necessary.
The indices are used by the various system analysis subprograms to direct the
analysis from one set of procedural steps to the next in.a preprogrammed
manner. The details of the program operational sequence for the various systems
to be analyzed are explained in the following subparagraphs.
1.1.3.1 PROGRAM INITIATION AND CONTROL
Program initiation is accomplished through by the driver subroutine C0NTRL.
This subroutine initializes the data storage subroutines and reads the first
card of the input data deck for foe user's name and program title. Following
this a call to subroutine INTAB reads in table data deck (or file) to storage.
As a check on the correctness of the data table input, subroutine INTAB causes
an "echo" printout of the selected table numbers to be printed for visual
reference. A typical "echo" print is illustrated in Table 1.1.3-1. Note that
the "echo" also permits verification of the number of words in any given table,
thus aiding the user in troubleshooting incomplete table entries. C0NTRL then
reads in the name and type of system to be evaluated. This is followed by a call
to subroutine C0MPIL which reads into core the cryogen system input data deck
containing the system duty cycle, configuration sequence, and pertinent system
and component parametric information.
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Subroutine C0NTRL next calls subroutine CKYC0N to process the calculations re-
quired for the system being considered. Completion of the required calculations
causes program control to return from CKYC0N to C0NTRL. Subroutine C0NTRL then
tests to see if additional system data decks are to be read in, if so, it does
and repeats the cycle; if not, C0NTRL calls EXIT and terminates the run.
Brief flow-charts for C0NTRL, C0MPIL, and CKYC0N are presented in Figure 1.1.3-1,
-2, and -3.
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TABLE 1.1.3-1
DATA TABLE SELECTION "ECHO"
TABLE
NUI13ER
1
2
3
4
5
6
7
3
9
10
1 1
12
13
14
IS
16
17
18
19
20
21
22
23
24
25
26
27
28
29
in
31
32
33
34
35
36
37
38
39
MO
m
42
43
44
45
46
TITLE OF TABLE
RCS-TKRUSTER WEIGHT
RCS-VAC. SP. IMPULSE
SPEC.i:T/| B OP 0? REMOVED
SPFC.KT/KB OF H2 REMOVED
TEMP. /LP-. OF 02 REMOVED
TEMP. /LH. OF H2 REMOVED
RR/ VS P5G»M/RtPAMB,PCHP
KK \/S FGG,M/R»PAMB,FCHP
CMS EKGIME WEIGHT
0|-!S VAC. SP. IMPULSE
HEX HOT GAS FLOW - L02
HEX HOT GAS FLOW - LH2
GAS GEMEP.ATOR WEIGHT
1.02 TRANSFER PUMP WEIGHT
L!I2 TRANSFER PUMP WEIGHT
MOTOR HEIGHT
VAC.JAC.DIA.VS.WEIGHT
PHI - HYDROGEN
TEMP. Op N2 VS RHO p(P)
MT.XFER.COEF.-H2
HT.XFER.COEF.-02-N2
FTU OF 3? 1/347 ST. STEEL
FTU OF 2219- T87 ALUH.
FTU OF 606I-T6 ALUMINUM
FTU Op INCOMEL-718
FTU OF TI-6AL-4V
HEAD COEFFICIENT VS NS
ADIASATIC EFF. VS MS
F.FFIC. QUOT.VS IMP. DIAM
BASF 1. IMF STAGE WT VS DI
SATURATED STEAM. T.VS p.
SP.ilT. OF O-H COMB. PROD..
OXvr,E!\ INTERNAL ENERGY
HYDROGEN INTERNAL ENERGY
OXYGEN INTERNAL ENERGY
OXYGEN VAPOR PRESSURE
HYr-ROCE!-! VAPOR PRESSURE
OXYGEN VAPOR PRESSURE
ENTHALPY OF L02
ENTHALPY OP LH2
EfJTIIALF-Y OF HELIUM
OXYGEN ENTHALPY (GAS)
HYDROGEN ENTHALPY (GAS)
RETA FACTOR
SIGMA-rEl.TAP FOR HEXELC
BETA VALUES FOR H2
NUMBER OF
DIMENSIONS
4
3
3
3
3
3
5
«5
3
3
5
5
4
5
•5
3
2
3
3
3
3
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
2
2
3
3
3
2
3
3
NUMBER OF
SURTABLES
6
3
5
S
5
S
12
(2
3
3
24
12
to
8
fi
5
1
5
5
4
4
I
1
4
5
5
5
S
5
5
1
1
5
5
5
1
5
5
NUMBER OF
woRns
AR
206
Ifl4
184
133
71
2?n
130
34
172
I P O
106
na
3?
•*6
30
30
30
34
44
46
Pfl
46
I 14
166
216
142
166
216
142
46
24
142
9*
122
2R
172
163
TOTAL TAfJLE STORAGE s 50?4
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1.1.3.2 Program Sequencing Subroutine. The mechanism for controlling the
analysis sequencing is set up in Subroutine CRYC0N. This subroutine performs
the major branching functions of calling in the various subprograms needed for
each specific system type analysis. Key variables used by CRYC0N to effect this
control over the analysis sequencing are SYSNUM and SCRIT. For each cryogen '
system (and system kind) there exists a preprogrammed set of induces stored
on a data statement/ KSUBC fSYSNUM, I ] \ which defines the order in which
the major analytical subroutines will be called. This set of indices are used in
CRYC0N for sequencing purposes.
1.1.3.2.1 Program Calculations Sequence. The initiation of specific system calcula-
tions occurs in Subroutine CRYC0N. For any of the five cryogen systems, CRYC0N
will obtain from labeled common CCNTRL, the values for SYSNUM and SCRIT.
This permits access to the indices stored in the preprogrammed set of data statements
KSUBC (SYSNUM, I). The branching index JKM (see Fig. 1.1.3-3) then can assume
the value of each stored sequencing index in a given KSUBC data statement as CRYC0N
cycles through its "I" loop. Concurrently, as each JKM index is picked up, CRYC0N
tests to see if the specified subprogram requires a "user signalled" diagnostic
switch to be turned "ON" or left "OFF." This is an especially useful feature when
debugging changes to subprogram coding. Values for MDTRC, the diagnostic indices,
are entered by the user in the system run data deck (see Section 1.2). The KSUBC
data statements are physically located in Subroutine STODTA and are available through
labeled common CCNTRL via an INCLUDE statement.
The index "K" employed in CRYC0N is used to indicate initial or final conditions
for subroutine TSIZEI (K). For the specific requirements of an Auxiliary Power
System analysis (APU), the value of "K" can only be set equal to two (2). For
all other system analysis "K" is set equal to one (1) the first time called and set
equal to two (2) the second time called.
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The index "LREPT" is employed, by CRYC0N, only when processing a super-
critical APU system. Its use permits the recycling (starting over again) of
subroutine APUSUP when that subprogram determines that the fuel mixture
ratio (O/F) input value is too low and yields impossible temperature values.
At that point the subprogram incrementally raises the O/F ratio and reruns
the analysis. If three attempts fail, the subprogram quits and terminates the
analysis.
The manner in which the sequential execution of CRYC0N can vary is explained
in the subsections which follow.
1.1.3.2.2 ACPS —QMS Systems Calculation Sequence. If, for example, a sub-
critical cryogenic reaction control system (ACPS) had been chosen for analysis,
the following would be the sequence of events executed by subroutine CRYC0N.
The values assigned to SYSNUM, SCRIT, and KSUBC (SYSNUM, I) would be:
SYSNUM - 1 (For ACPS)
SCRIT - I (Subcritical System)
KSUBC (1, I) (KSUBC for ACPS)
and the preprogrammed Data Statement to be used would be:
DATA (KSUBC 1, I , I = 1, NBRSR)/6, 4, 10, 9, 8, 1, 10, 11, 2/
where "NBRSR" is defined as 9 in PDP-CCNTRL.
There are, therefore, nine subprograms to be called in the reaction control system
analysis.
Referring to the CRYC0N Flow Chart (Fig. 1.1.3-3), note that statement 10 sets
1 = 1 for the first pass in the calculation loop. Statement 20 then sets JKM = KSUBC
(SYSNUM, I), or, literally equal to KSUBC (1, I) which is the first of the nine
values defined in the data statement body. Thus JKM = 6 in the first loop pass.
Statement 50 is a "computed" GO TO statement which in this instance literally says
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GO TO the JKM (6th) value within the parenthesis, or GO TO Statement 500,
which calls subroutine C0NSUM. Thus, the order of subprogram execution, in
sequence, by subroutine CRYC0N for a reaction control system analysis would be
as shown in the table below:
Table 1.1.3-2
CRYC0N EXECUTION SEQUENCE FOR ACPS ANALYSIS
Loop JKM G0 T0 Subprogram
Pass Value Statement Called
1 6 500 C0NSUM
2 4 ; 400 CMPCAL
3 10 800 TSIZEI(l)
4 9 700 TANK
5 8 600 LIQRES
6 1 100 ACCRES
7 10 800 TSIZEI(2)
8 11 900 * WTACC
9 2 200 ACQWT
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The above table holds true for an orbit maneuvering system (subcritical cryogen) as
well, since the only significant differences are larger engines and fewer, but larger,
component parts„
Upon completion of nine loop passes through CRYCON, accomplishing all of the
calculations required by the respective subprograms, the final step is a call to
subroutine OTPWSM which extracts from the labeled common storage, the values
needed for a system weight summary and outputs these data in a formatted weight
summary table. Program control returns to subroutine CONTRL for either execution
of a second case (system analysis) or termination. A general flow chart for a typical
reaction control system analysis is presented in Figure 1.1.3-4.
1.1.3.2.3 APU System Calculations Sequence. For the Auxiliary Power System analysis,
two operating system types are possible; a subcritical cryogen fluid supply subsystem
and a supercritical cryogen fluid supply subsystem.
It is therefore necessary to provide a means of altering the preprogrammed values to
accommodate both cryogen fluid supply subsystems. This is accomplished by pre-
programming KSUBC (2,1) for the more likely supercritical fluids case, and modifying
the data statement when considering the subcritical cryogen fluid supply subsystem.
This data statement adjustment is automatically taken care of in subroutine CRYCON
DOG loop as shown in the Flow Chart (Ref. Fig. 1.1.3-4). The DOG loop will reverse
the second and third values of the data stored as KSUBC(2,1) depending upon the value
assigned to SCRIT. JAPUS (SCRIT, I) is the variable accomplishing the switch in
value. The data statements defining JAPUS are stored in subroutine STODTA.
Subcritical Analysis: For an APU system requiring a subcritical cryogen fluid
supply subsystem, the values assigned, via input, to the variables SYSNUM, SCRIT
and KSUBC (SYSNUM, I) would be
SYSNUM = 2 (For APU)
SCRIT = 1 (For Sub critical)
and KSUBC(2 :I)
The preprogrammed data statement stored in core is
KSUBC(2 I) I = l,9)/6 3 4 10 11 2 0 0 O/ which is actually the sequence for a
22
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supercritical subsystem. Therefore, the first action by CRYC0N is to reset the
second and third values in a two-step loop as follows:
1st; KSUBC(2,2) = JAPUS(l.l) = 4
2nd; KSUBC(2,3) = JAPUS(1,2) = 3
and the reversed data statement becomes:
KSUBC(2,I),F = 1,9/6, 4, 3, 10, 11, 2, 0, 0, O/
Note that only six subprograms are called in an APU analysis. The order of sub-
program execution, in sequence, is presented in the following table.
Table 1.1.3-3
CRYCON EXECUTION SEQUENCE FOR AN APU SUBCRITICAL SYSTEM ANALYSIS
Loop JKM G0 T0 Subprogram
Pass Value Statement Called
1 6 500 C0NSUM
2 4 ' 400 CMPCAL
3 3 300 APUSUB
4 10 800 TSIZEI(2)
5 11 900 WTACC
6 2 200 ACQWT
7 0 2200 Terminates Loop
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Upon leaving the sequence loop subroutine CRYCON calls subroutine OTPWSM
to output the component and system weight summary. Program execution returns
to subroutine CONTRL which checks to see if another case (same system, or,
new one) is to be run, or if program termination is in order.
Super-critical Analysis:
For an APU system requiring a super-critical cryogen fluid supply subsystem, the
input values assigned to the variables SYSNUM, SCRIT and KSUBC (SYSNUM, I) would
be:
SYSNUM = 2 (For APU)
SCRIT = 2 (For Super-critical)
and KSUBC (2, I)
Assuming, for example, that the supercritical case is run as the second case in a multi-
case run (not necessarily so) the preprogrammed data statement in core would still be,
KSUBC(2, I), 1 = 1, 9)/6, 4, 3, 10, 11, 2, 0, 0, O/. The first activity in CRYCON,
since SYSNUM = 2, will be to reset the second and third value of the KSUBC data in a
two-step loop as follows: (SCRIT = 2)
1st KSUBC (2,2) =3
2nd KSUBC (2,3) =4
and the revised data statement becomes;
KSUBC(2,I), 1 = 1, 9)/6, 3, 4, 10, 11, 2, 0, 0, O/.
The order of sub-program execution, in sequence, is presented in the following table:
30
LOCKHEED MISSILES & SPACE COMPANY
LMSC-A991396
Table 1.1.3-4
CRYC0N EXECUTION SEQUENCE FOR AN APU SUPERCRITICAL
SYSTEM ANALYSIS
Loop JKM
Pass Value
1 . 6
2 3 .
3 4
4 10
5 11
6 2
7 0
G0 T0
Statement
500
300
400
800
900
200
2200
Subprogram
Called
C0NSUM
APUSUP
CMPCAL
TSIZEI(2)
WTACC
A.CQWT
Terminates Loop
Upon leaving the sequence loop CRYC0N calls subroutine 0TPWSM to output the
component and system weight summary, and then return program execution to
subroutine C0NTRL.
1.1.3.2.4 Life Support System Calculation Sequence. For the Life Support System
analysis, the cryogen fluid supply subsystem is by definition a supercritical subsystem
with a relatively simple and straightforward plumbing structure. It is also unique
among the other systems, in that the cryogen fluids employed are oxygen and nitrogen.
Because of this fact, and the need to maintain overall program variable storage require-
ments at a level that will fit into core, it was decided not to expand the program variable
arrays to accommodate a third cryogen fluid, but instead, to use those portions of the
arrays normally used for the hydrogen fluid to store the nitrogen fluid parameter values.
Consequently, the Life Support subprogram became a fairly large self-contained sub-
program, designated as subroutine ECLSS. Hence, subroutine CRYC0N makes only
one call for the subprogram. In the case of a Life Support System analysis, the
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values assigned, via input, to the variables SYSNUM, SCRIT and KSUBC (SYSNUM, I)
would be,
SYSNUM =3
SCRIT = 2
and KSUBC (3,1).
The preprogrammed data statement stored in core for this system analysis is,
(KSUBC(3,I), I = l,9)/7, 0, 0, 0, 0, 0, 0, 0, O/. And the order of subprogram exec-
ution by subroutine CRYCON is as shown in the following table:
Table 1.1.3-5
CRYCON EXECUTION SEQUENCE FOR A LIFE
SUPPORT SYSTEM ANALYSIS
LOOP
PASS
1
2
JKM
VALUE
7
0
GO TO
STATEMENT
550
2200
SUB -PROGRAM
CALLED
ECLSS
Terminates Loop
As stated previously CRYCON calls subroutine OTPWSM, outputs the weight summaries
and returns to CONTRL for a new case, or termination of the program.
1.1. 3.2. 5 Fuel Cell System Calculation Sequence. The cryogen fuel cell system as
defined by this study is a fuel cell array fed by a supercritical fluids storage and
supply subsystem. Further, the energy required for conditioning the reactant fluids
and maintaining their super-critical condition in storage is wholly derived from the
reject heat of the fuel cells. The subprogram which characterizes the fuel cell system
is subroutine FUELCL. This rather large sub-program performs the system sizing
calculations based upon the mass and energy transfer requirements of the input
performance and duty cycle constraints.
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The individual fluid circuit components and line segments are sized and weighed by
subroutine CMPCAL which additionally supplys pressure drop calculations for the
main reactant circuits.
For a fuel cell analysis, subroutine CRYC0N has the values assigned, via input
data, for SYSNUM, SCRIT and KSUBC (SYSNUM, I), as follows:
SYSNUM = 4
SCRIT = 2
and KSUBC (4,1)
The preprogrammed data statement stored in core for fuel cell system analysis is,
(KSUBC(4,I),I = l,9)/5, 4, 0, 0, 0, 0, 0, 0, O/.
The order of sub-program execution is as given in the following table
Table 1.1.3-6
CRYC0N EXECUTION SEQUENCE FOR A FUEL
CELL SYSTEM ANALYSIS
Loop JKM
Pass Value
1 5
2 4
3 0
G0 T0
Statement
450
400
2200
Subprogram
Called
FUELCL
CMPCAL
Terminates
Loop
When the internal loop is terminated CRYCON calls subroutine OTPWSM, outputs the
weight summaries and returns to CONTRL for a new case, or termination of the
program.
1,1.3.2.6 Orbit Maneuvering System Calculation Sequence The orbit maneuvering
system (OMS) employed in this study was defined to be a subcritical cryogen fluids
pump-fed system. The OMS and ACPS analysis procedures are quite similar program-
wise, with the principal differences being engine size, component size and the fact
that the OMS has fewer, though larger components.
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For an QMS analysis, SYSNUM, SCRIT and KSUBC (SYSNUM, I) will have the following
values:
SYSNUM = 5
SCRIT = 1
and KSUBC (5,1).
The preprogrammed data statement stored in core for OMS analysis is:
(KSUBC(5,1),1 = l,9)/6, 4, 10, 9, 8, 1, 10, 11, 2/
The order of sub-program execution by sub-routine CRYCON is identical to the order
given in Table 1.1.3-2, and the subsequent remarks following that table.
1.2 INPUT DATA
The input data deck structure will vary according to the system to be analyzed and the
type of fluid storage system employed. All input data cards are read within the body of
subroutine CONTRL. The segments of input data to be read are generally divided into
two groups; (1) input data common to all system analyses and (2) input data specific to
a given system analysis Necessarily a variety of read statement formats must be
used and these are defined in labeled card formats given later in this discussion.
In general, a data input deck, for any system to be analyzed, will be made up of a set
of card groups from the following group list:
(a) User Identification Card (First Header Card)
(b) Case Title Card (Second Header Card)
(c) Table Data Echo Control Card
(d) Add-File Card - To cause loading of "Table Data" file - or - Actual "Table Data"
Deck may be placed here, replacing the Add-File card
(e) System Definition Card
(f) Configuration Definition Data Cards
(g) Duty Cycle Definition Data Cards
(h) Consumer Characterization Data Cards
(i) Fluid Storage Tanks Characterization and Configuration Data Cards
(j) Fluid Accumulator Characterization Data Card
(k) Heat Exchanger Characterization Data Cards
(1) Pump and Turbine Characterization Data Cards
34
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(m) Heat Source Characterization Data Cards
(n) Motor Characterization Data Cards
Cards (a), (b), and (e) are read directly by subroutine CONTRL. Cards (c) and (d)
are read by subroutine INTAB, called by CONTRL. Cards (f) through (n) are read
by subroutine COMPIL, called by CONTRL.
1.2.1 Input Data - Card Definition and Description
Data definition and input card descriptions for data contained in the fourteen data card
groups are presented in detail in the following subsections. Card data formats are
presented in Subsection 1.2.
1.2 1.1 User I.D. and Case Title Cards.
Gp(a) Card 4
The User I. D. card identifies the analyst making the program run. This card is
required in every run deck. The card contains the following information:
Name, Dept. , Bldg. , Extension
Gp(b) - Card-1
A case title card is to be provided for every system data deck as a means of providing
run identification for the system being evaluated. Seventy -two (72) spaces are provided
for the title. Short titles are to be centered in the 72 spaces.
1.2.1.2 Table Data Input Cards.
Gp(c) - Card-1
This card is the Table Data Echo control card. The variables contained on the card are:
IFT, OFT, NPRT, NPRT2
= Table Data Input Drum Unit
OFT = Table Data Output Drum Unit
NPRT = Table Data Echo Print Control
= 0, Print All Tables, One Table per Page
= 1 , Print No Table Output
= 2 , Print All Tables with no page eject - Table Dump
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NPRT2 = Control for Table Summary
NPT?T = 1 \\
 prijA Brief Table gummary
NPRT2 = 1 '
Gp(d) - Card-1 (Normal Setup)
If the Table Data has been entered and stored as a DATA File, then the Data File may
be assigned and Card-1 here will be a simple:
@ ADD,P FILNAM
where
FILNAM is the Data File nemonic.
If the Table Data is on cards to be read in at this time, then the Gp(d) cards will be
the actual table data card sets as described in detail in Subsection 1.2.6.
Alternate Table Deck Input; (N-sets)
Gp(d) Card-1
The Table I.D. and Control Card will contain the following information:
Title - Table Title (Description)
ND - Number of Dimensions in Table (MAX = 7, MIN = 2)
NC ~ Number of Comment Cards in Table
IP ~ Plot Option
(O = No Plot, 1 = Plot Table)
NT - Table Number
GP(d) Card-2
Table Comment Card - Gives further description of table data and data reference
sources. There may be NC comment cards.
Gp(d) Card-3
Table Subset Variable Card - Specifies additional variable and its values for
Table Data Subsets.
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LABV - Variable Label
NP — Number of Values to be used (is also number of data subsets)
TAB - Value, Value , Value
z' np
There must be (ND-2) of these cards present in Table Set. (ND = Number of
dimensions in Table)
Gp(d) Card-4
Table Plot Control Card - Contains X-axis label, Y-axis label, X-MIN value, X-MAX
value. One card is required for each Table Set.
Gp(d) Card-5
Table Data Subset Characterization Card - card contains:
NV ~ Number of Data Point Sets (X,Y) or Number of coefficients
TYPE ~ Type of Data in Table
=
 0, Coefficients of polynomial
= 1, Discrete data points from curve
= 2, Equation
NIP ~ Number of points to be used for data interpolation
< NV
> 1
= 2, Linear Interpolation
= 3, parabolic or hyperbolic interpolation
There must be one of these cards for each data sub-set in the Table Set.
Gp(d) Card-6
Table Data Card - :
For discrete data there are three data sets (X,Y) per card arranged in order of
increasing values of X, for NV sets of points.
For coefficients; coefficients are arranged in order of power and NV coefficients
2
are read. (For example: CjX + CgX + Cg = 0; Input as C.,, Cg, Cg and NV = 3)
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There are NV/3 discrete data cards required, or NV/6 coefficient data cards
required.
There will be N sets of the Gp(d) table card sets, where N equals the number of Table Data
sets required for the program.
1.2.1.3 System Definition Card
Gp(e) Card-1
The system definition card provides the system identification; specifies whether
the system has a subcritical or super-critical fluid supply subsystem; specifies
whether or not additional systems are to be read in for additional case consideration;
and, specifies which subprogram diagnostic switches are to be activated. The
variables which are read are:
NSYS ~ First three letters of system name
Nl — Additional six alpha spaces for rest of system name
NCRIT "~ First three letters of subcritical or super-critical
MDTRC ~ Diagnostic switch for eleven subprograms
0, or, blank for NO Diagnostics
1, turns ON Diagnostic switch as defined in PDP-CCNTRL
There must be one system definition card in each system input deck.
1.2.1.4 System Configuration Definition Data Cards
Gp(f) Card-1
The system configuration definition data represents the program image of the
system schematic diagram. Only one (1) card format is employed which functions
as a data input card, and as a configuration table END card. The flexibility of
the data format card in providing different kinds of information resides in the
technique of reading the array and changing the variable name to correspond to
the value entered at any point in the array. Since each data card represents a
specific item, such as, fluid, component, or line segment, and their associated
38
LOCKHEED MISSILES & SPACE COMPANY
LMSC-A991396
parameters, the data array is conveniently manageable.
The variables which are allocated to the card are as follows:
CFUNCT — Six alpha characters which specify either the fluid, consumer
assembly, or system component item, currently being considered.
The allowable names are defined in DATA (FNAME) located in
subroutine STODTA, and further described in PDP-CCNFIG
CFTYPE ~~ A single, or, two digit number which characterizes the type or
kind of fluid, consumer assembly, or system component item
CNOPER ~~ Single digit number - for number of consumer assemblies, or
component items operating in parallel; or, in the case of a fluid,
the digit specifies the fluid state (i.e. , 1 = gas; 2 = liquid)
CNSTBY — Single digit number - for the number of consumer assemblies or
component items in parallel standby condition (not operating)
CMTYPE — Single Digit Number which specifies the material type for the
system component item. CMTYPE values are defined in PDF- CCNFIG
FRCOEF ~~ Variable containing the friction coefficient applicable to the system
component item being considered
LOD ~~ Length over Diameter Ratio, or, Length applicable to the system
component item under consideration (Real Number)
DIAM ~~ Diameter (I.D. or Port) applicable to system component item being
considered
CITYPE ~" Integer defining Insulation Type employed for system component
item being considered
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ITHICK — Insulation thickness (Real Number) for system component item under
consideration
NEAR - Number (Real) of insulation layers per inch of thickness for
component item being considered
CODE — Six alpha character code name for component item under consideration,
(i.e. , PS02, etc.)
There must be one card for; (a) each fluid and fluid state change, (b) each fluid
system consumer, (c) each fluid system component item, and (d) each fluid system
line segment item. The cards are arranged starting with the oxidizer fluid
system side and working from the consumer toward the fluid supply source. This
is followed by the same arrangement for the fuel fluid side of the system. A typical
configuration table is illustrated in the Input Data Deck Example given in Subsection
2.5. The very last card in the configuration data set must have END entered
in the CFUNCT field, since this is required in subroutine COMPIL to terminate the
READ loop. (It is also advisable to use card columns 73-80 to number the configur-
ation data cards.)
1.2.1.5 System Duty Cycle Definition Data Cards
Gp(g) Card-1
The system duty cycle definition data cards contain the cyclic operating interval
data required for each analysis. The variables employed are as given below. Note
that the variable DCYCLE is in an array in which are stored alternate values of
operating and non-operating time intervals:
DCYCLE (I) ~ Operating Time Interval
DCYCLE(I+l)~~ Non-operating Time Interval
PSI — Minimum Impulse Bit Degradation
NEOP ~~ Number of Consumers Operating (Engines, Fuel Cells, etc.)
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*
HP - Horsepower-Average Value In Interval
PAMB — Ambient Pressure-Average Value In Interval
PKW - Power (KW)-Average Value In Interval
RPRTIM ~ Time required per repressurization (cabin or airlock) during a given
duty cycle Interval
There must be one card for each of the defined duty cycle interval periods in total mission
span considered.
There must be a duty cycle end-card consisting of a negative number (i.e. , -1) in the
DCYCLE (1+1) field
1.2.1.6 Consumer Characterization Data Cards. The consumer characterization data cards
are specific to the system undergoing analysis and contribute the only significant change in the
input data decks for the respective systems. Aside from the differing input data for the
five kinds of consumer systems further differences occur when a given system has a sub-
critical fluid supply subsystem, or when it has a super-critical fluid supply subsystem. Thus,
there are seven separate consumer characterization data card sets which cover the range of
program analysis capability.
1.2.1.6 1 Engine Consumer Data Cards: (ACPS or QMS).
Gp(h-l) Card-1
The engine consumer data card is utilized for both ACPS and OMS engine data since the
required parameters are identical and the same variable names are used. The
variables employed are defined as follows:
NENG — Integer number of engines operating
GITEMP ~ Fluid Inlet Temperature to Engine(s)
GIPRES — Fluid Inlet Pressure to Engine(s)
THRUST - Developed Thrust per Engine
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PSUBC — Engine Combustion Chamber Pressure
EXPRAT — Engine Nozzle Expansion Ratio
MIXRAT - Engine Oxidizer to Fuel Mixture Ratio (Real Number)
The single card is usually marked by placing the term ENG in card columns 78-80.
1.2.1.6.2 APU Consumer Data Cards. The APU Consumer input data requires two cards
for either a subcritical or super-critical fluid fed system. The first card used in both
cases is identical, while the second cards contain different information. The input cards
required are as follows:
Gp(h-2) Card-1 (APU-Basic)
The following variables are input on the APU-Basic card:
NAPU — Integer number of APUs operating
HPR ~ Horsepower Rating of a single APU (Assumes all are identical)
FMR ~~ Oxidizer to Fuel Mixture Ratio of Gas Generator Driving APU Turbine
PGG ~~ Exit Pressure of Gas Generator driving APU Turbine
TIT — Turbine Inlet Temperature (Assumed also to be exhaust temperature
of gas generator driving APU turbine)
TD — Exhaust discharge temperature from fluid conditioning heat exchangers
r
Gp(h-2) Card-2 (APU-Subcritical)
The variables input on the APU-Subcritical card are as follows:
MRGGCH — Oxidizer to fuel mixture ratio for the gas generator driving the fuel
fluid conditioning heat exchanger
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MRGGC0 — Oxidizer to fuel mixture ratio for the gas generator driving the
oxidizer fluid conditioning heat exchanger
TDGGH ~ Discharge temperature of gas generator for fuel conditioning heat
exchanger
TDGG0 — Discharge temperature of gas generator for oxidizer conditioning
heat exchanger
TVH ~ Temperature of residual vapor in fuel storage tank
TV0 ~~ Temperature of residual vapor in oxidizer storage tank
TENV ~ Environment temperature around APU System
Gp(h-2) Card-3 (APU-Supercritical)
The variables entered in the APU Supercritical data card are as follows:
FMRG - Oxidizer to fuel mixture ratio for supplementary gas generator
PFH ~ Final fuel tank pressure
PF0 - Final oxidizer tank pressure
TFH — Final fuel tank temperature
TF0 - Final oxidizer tank temperature
TG ~ Exit gas temperature from supplemental gas generator
DELPCP ~~ Pressure rise (Delta-P) in tank circulating pump
TENV Environmental temperature around APU system
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1.2.1.6.3 Life Support Consumer Data Cards. The Life Support Consumer Data Input
variables require four input cards in two different card formats. The variables by
card format are as follows:
Gp(h-3) Card-1
MDAYS
NCREW
NRPRES
NDARES
02FN0M
GLKRAT
TLSN0M
(02 = Oxygen, N2 = Nitrogen)
Integer number of days in mission
Integer number of crewmen on board spacecraft
Integer number of cabin or airlock prepressurization planned for mission
Integer number of days of reserve fluids required
Metabolic oxygen requirement (Ibs. per man-day)
Spacecraft atmosphere leakage rate (Ibs. per day)
Nominal temperature of gases supplied for life support (1) - 09;
L*
(2) = N2
RH0BEG - Loading density at stored life support fluids (1) = 09; (2) = N2
TKFTEM
TKFPRS
TENVR
CABV0L
Final fluid tank temperatures
(1) = 02; (2) = N2
Final fluid tank pressures
(1) = 02; (2) = N2
Environment temperature around life support fluid storage tanks
Cabin (or airlock) volume
44
LOCKHEED MISSILES & SPACE COMPANY
LMSC-A991396
Gp(h-3) Card-2
LINDIA - Fluid line diameter entering fluid conditioning heat exchanger
(1)=02; (2) = N2
HTRFLX ~ Heater rating (BTU/HR-sq. in. ret. temp.)
(1) For heaters in conditioning heat exchanger
(2) For fluid tank heaters
PLSN0M ~ Nominal pressure of delivered gaseous life support fluids
(1)=02; (2) = N2
HTRDIA ~~ Fluid tank heater diameter
(1)=02; (2) =N2
HTRLNG ~ Fluid tank heater length
( 1 ) = 0 2 ; ( 2 ) = N 2
PSET1 ~ Lower pressure limit setting for 02 storage tank
PSET2 ~ Lower pressure limit setting for N2 storage tank
1.2.1.6.4 Fuel Cell Consumer Data Cards. The fuel cell consumer data input variables
require four data cards in three different card formats. The variables arranged by card
format are as follows:
Gp(h-4) Card-1
MRFC — Oxygen to hydrogen reactant mixture ratio for fuel cell
SRCFC ~ Specific reactant consumption (Ibs/KWH ©rated power output)
QDTFC Fuel cell heat rejection rate (BTU/KWH @ rated power output)
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SPWTFC - Fuel cell specific weight (LB/KW § rated power output)
TFCNOM ~~ Nominal fuel cell gas fired temperature
(1) = 02; (2) =-H2
TF21IN ~ F21 coolant fuel cell exit temperature
TF210U ~ F21 coolant fuel cell inlet temperature
TF0FC ~ Final 02 reactant tank temperature
TFHFC - Final H2 reactant tank temperature
PF0FC ~~ Final 02 reactant tank temperature
PFHFC - Final H2 reactant tank temperature
RH0FIL - Reactant tank fill densities
(1)=.02;(2) = H2
W0VENT — Estimated 02 vent quantity
WHVENT - Estimated H2 vent quantity
DELTCP ~~ Pressure rise in reactant tank circulating compressor
TENV ~~ Environment temperature around fuel cell system
PRFC0P ~ Fuel cell operating pressure
P0WN0M ~ Nominal fuel cell operating power level
Gp(h-4) Card-2
NFC0P — Integer number of fuel cells operating
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NFCSTB — Integer number of fuel cells on standby
PLSET1 - Lower limit pressure setting for 02 reactant tank
PLSET2 ~ Lower limit pressure setting for H2 reactant tank
VJANUL ~ Vacuum jacket annulus spacing (inches)
(1) = 02; (2) = H2
TKMXDI ~ Maximum tank pressure vellel diameter permitted
(design constraint - inches)
(1) =02; (2) = H2
Gp(h-4) Card-3
FCV0LT ~~ Nominal fuel cell voltage
PRGRAT ~ Nominal fuel cell purge rate
(1)=02; ( 2 ) = H 2
PRGTIM — Nominal fuel cell purge time (duration each purge)
(1)=02; (2) = H2
PRGINT — Purge interval in ampere hours
(1)=02; ( 2 ) = H 2
1.2.1.7 Fluid Tank Data Input Cards^ The fluid tankage characterization data cards are
common to systems encompassed in the major program. Variations which may occur in
some systems are accommodated by simply entering zero values for the variables not used
by the particular system considered. Tank geometry considerations are provided for in
the program, with subprogram capability for calculating; spherical, cylindrical, cylindrical
with hemispherical ends, cylindrical with conical ends, and combination tankage with a
common bulkhead, hemispherical bottom and conical top with a hemispherical cap (such as
the cryogen shuttle orbiter drop-tank). For special tank shapes having predetermined
dimensions, the program will read in the dimensions and do the necessary calculations for
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volume and surface area. For simple spherical tanks, or, simple cylindrical tanks with
hemispherical ends, the program skips the special geometry input cards, and they must
not be present in the input deck. The conditions controlling this branching option are
specified in the tank geometry characterization sub-paragraph.
1.2.1.7.1 Fluid Tank Characterization DATA CARDS. The variables which characterize
the fluid tank conditions and constraints are as follows:
Gp(i-l) Cards 1-4
N0P — Number of tanks operating on line (same fluid)
SATYPE — Fluid acquisition device type
SITYPE ~ Tankage insulation type
SMTYPE ~ Tank construction material type
SPTYPE ~~ Tank pressurization system type
SITEMP ~ Tank initial fluid temperature
SIPRES ~~ Tank initial pressure
SPGTEM ~~ Pressurant gas temperature (inlet condition)
S0PRES ~~ Tank operating pressure
SVPRES ~~ Tank vent pressure setting
SHFLUX - Heat leak flux into tank (BTU/HR-Sq. Ft.) (Optional)
SITHIK ~ Tank insulation thickness (inches)
FLDL0D ~ Wgt. of fluid loaded into tank (optional)
SULGPC ~ Percent ullage (initial value for tank)
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SMDIAM — Maximum tank diameter (f t . )
SH0TEM — Tank conditioning heat exchanger cold fluid outlet temperature
SHDELP ~ Tank conditioning heat exchanger cold fluid pressure drop (psi)
SPDELP ~~ Tank circulating pump pressure rise (psi)
SG0TEM ~~ Tank conditioning heat exchanger gas generator outlet temperature
SGGPC ~ Tank conditioning heat exchanger gas generator chamber pressure
(outlet pressure)
SGMRAT ~ Tank conditioning heat exchanger gas generator mixture ratio (0/F).
SNBAR ~ Number of layers per inch of tank insulation material,
(multilayer insulation only)
Two sets of the above cards are read; the first set contains the data for the oxidizer
tankage, and the second set contains the data for the fuel tankage. Two sets (8-cards)
must be present in the data deck, even if one set is blank.
1.2.1.7.2 Fluid Tank Geometry Data Cards.
Gp(i-2) Card-5
Tank Option Card - Provides branching option to tank geometry subprograms
when required for special tank shapes.
IW0P Integer number specifying tank geometry option
N0SHAP - Integer number specifying number of tank shape cards to follow
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Option Definitions
If IWOP = 1 Subprogram will compute tank volume for a spherical tank.
If diameter of spherical tank exceeds value of SMDIAM, subprogram
will add a cylindrical section between hemispheres with diameter
equal to SMDIAM to accommodate tank volume required. Subprogram
prints out requirement for cylindrical tank giving length of cylinder
and diameter.
If IW0P = 2 Subprograms will compute all parameters for a "Specific
General Tank Configuration" - to be specified on input cards
following this card.
If IW0P = 3 Subprograms will compute all parameters for a "Fitted General
Tank Configuration" in which all tank segments are specified
except the length of the major cylindrical section. This "Length"
will be computed by the subprograms to "fit" the required tank
volume generated by system fluid consumption computations.
If, IW0P < 2, and NOSHAP = 0, the IW0P = 1 Option is executed automatically, and
there are no tank shape cards following the option card. If, IW0PS 2, then N0SHAP
must specify the number of tank shapes involved and that many "shape cards" will
have to be present following the Tank Option Card.
Gp(i-3) Card-6
Tank shape card(s) - the tank shape cards specify the geometric shape(s) involved
in the tank structure in their order of consideration, the fluid contained by the tank,
and the dimensions associated with each shape segment. The variables input in this
card are as follows:
JTKTYP — Integer value which specifies tank segment shape (see notes)
JFLTP — Integer value which specifies fluid contained in tank segment shape
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* I''
XD ~ Shape "X" dimension (see notes)
YD — Shape "Y" dimension (see notes)
ZD ~ Shape "Z" dimension (see notes)
Notes: Variable Specifications
JTKTYP = 1, for cylinder
= 2, frustrum of cone
= 3, hemi-ellipsoid
= 4, cylinder plus hemi-ellipsoid
= -2, inverted frustrum of cone
= -3, inverted hemi-ellipsoid (bulkhead)
JFLTYP = 1, oxidizer fluid
= 2, fuel fluid
= -1 oxidizer at common bulkhead
= -2, fuel at common bulkhead
For JTKTYP =1,
XD = Height (ft)
YD = Radius (ft)
For JTKTYP= 2, or, -2,
XD = height (ft.)
YD = radius of top (ft.)
ZD = radius of bottom (ft.)
For JTKTYP = 3, or, -3
XD = radius along axis of rotation (ft.)
YD = radius perpendicular to axis of rotation(ft.)
For JTKTYP = 4,
XD = radius (and cylinder height) along axis of rotation (ft.)
YD = radius perpendicular to axis of rotation (ft.)
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One card is necessary for each tank segment shape and the order of input is
from the tank "Bottom" to the tank "Top".
1.2.1. 8 Accumulator Data Input Cards. For those systems requiring an accumulator tank
for the storage of gaseous fluid, provision is made for inputing the required accumulator data.
The branching function permitting the reading of data specified in this and the following
subsections is controlled by preprogrammed data statements called "INBLK", defined as
DATA ((INBLK(SYSNUM, I, J), I = 1,5), J = 1,2). The five data statements, one for each
major system, define which of five sets of major component input data cards are to be
read for any given system. The five INBLK data statements will be found in subroutine
ST0DTA, INBLK is defined in PDP-CCNTRL. If INBLK(SYSNUM, 1, J) is set equal to
one (1), the system requires and will read in accumulator data; conversely, if INBLK
(SYSNUM, 1, J) equals zero, no accumulator is required and the accumulator input cards
will not be present in the input data deck.
The variables which are input in the accumulator data input cards are as follows: six cards
(two sets) are required since the variables for each fluid accumulator are entered separately.
The variables for the oxidizer accumulator are entered first, followed by the variables for
the fuel fluid accumulator.
Gp(1) Cards 1-3
NA0P — Integer value for number of accumulators operating for one fluid
AITYPE — Accumulator insulation type
AMTYPE — Accumulator structural material type
ATEMP ~ Operating temperature for accumulator
APRES ~ Operating pressure for accumulator
2AH FLUX ~ Heat leak rate into accumulator (Btu/hr-ft )
AITHIK ~ accumulator insulations thickness (inches)
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AV0L ~ Accumvdator volume (cu. ft .)
ADIAM ~ Accumulator maximum diameter (ft.)
ANDELP ~ Pressure drop swing allowed in accumulator (psi)
ANBAR ~" Number of insulation layers per inch of thickness
(multilayer insulation only)
Note that if INBLK (SYSNUM, 1, J) is zero, then there will be no accumulator data
cards in the input data deck.
1.2.1.9 Heat Exchanger Data Input Cards. A requirement for heat exchangers of one form
or another usually exists in most of the cryogen systems one can envision, except for the
liquid fed QMS system. And, (as described in subsection 1.2.1.8) if INBLK (SYSNUM, 2,J) = 1,
then heat exchangers are required and input data cards must be present, otherwise they are
deleted.
Heat exchangers in a two fluid system usually occur in pairs, except for the case where a
single supplementary heat exchanger might be required to make up for a potential energy
deficiency resulting from a limited heat source capability. For purposes of uniformity,
heat exchanger data will always be input for pairs of exchangers even if one of the pair
does not exist. In this case, the non-existent exchanger is represented by a dummy (or
blank) data card.
The heat exchanger variables required for input employ only two card formats. The
second card is repeated for each exchanger in sets of two. The first card contains data
for the first oxidizer heat exchanger occuring upstream of the system consumer, and the
second card contains data for its fuel side equivalent. Additional data sets are input for
other heat exchangers encountered as the schematic layout progresses toward the fluid
supply tanks. The variables which are input on the Heat Exchanger Data Input Cards are
doubly subscripted and are stored in a double array.
For example, "HXCODE (4,1) = HX07" is the heat exchanger schematic code symbol for
the oxidizer (4, 1) heat exchanger of the fourth (4, 1) set of heat exchangers occurring up-
t t
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stream of the cryogen consumer.
The variables employed as input are as follows:
Gp(k) Card-1
NUMHEX — Integer value for number of pairs of heat exchangers being considered
One card is required if heat exchanger data is to be input.
Gp(k) Card-2
HEXfflT - Hot fluid inlet temperature (°R)
HEXH0T ~ Hot fluid outlet temperature (°R)
HEXGIT - Cold fluid inlet temperature (°R)
HEXC0T - Cold fluid outlet temperature (°R)
HEXHIP ~ Hot fluid inlet pressure (psia)
HEXH0P ~ Hot fluid outlet pressure (psia)
HEXCIP ~ Cold fluid inlet pressure (psia)
HEXC0P ~ Cold fluid outlet pressure (psia)
HXHDLP ~ Hot fluid pressure drop (psi)
HXCDLP ~ Cold fluid pressure drop (psi)
HXMRAT — Heat exchanger gas generator 0/F mixture ratio
HXC0DE ~~ Heat exchanger identification code symbol
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Two cards are required for each pair of exchangers; oxidizer unit first followed by fuel
side unit, when data is to be input.
1.2.1.10 Pump and Turbine Data Input Cards. The requirement for pump, or turbine
data for any of the systems considered is preprogrammed in the stored INBLK data. If
INBLK (SYSNUM, 3, J) = 1, then either pump or pump and turbine data are required to
be input, otherwise the data cards are deleted. The pump data input cards contain three
separate sets of information; (a) Pump data (high pressure); (b) Transfer pump data; and
(c) Turbine data.
The six cards which make up the pump and turbine data card set consist of two pump data
cards (one for each fluid), two transfer pump data cards (one for each fluid), and two
turbine data cards (one for each fluid). All six cards must be present if any of the data
are required. Non-pertinent variables are simply left blank.
The variables required as input are as follows:
Gp (1) Cards 1-2
PTYPE - Interger value for pump type
PTYPE = 1, for pump only
PTYPE = 2, for turbopump assy
PEFF — Pump efficiency
PNPSH — Pump net positive suction head (psi)
PSSPED - Pump speed (rpm)
EPDELP — Estimated pump pressure rise (psi)
Gp (1) Cards 3-4
TPEFF — Transfer pump efficiency
TPNPSH ~ Transfer pump net positive suction head (psi)
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TPDELP — Transfer pump pressure rise (psi)
TPWD0T ~ Transfer pump flow rate (Ib/sec)
Gp (I) Cards 5-6
TEFF - Turbine efficiency
TITEMP — Turbine inlet temperature (°R)
T0TEMP - Turbine outlet temperature (°R)
TMRAT0 — Turbine gas generator 0/F mixture ratio
TGGPC ~~ Exhaust pressure of turbine gas generator (psia)
Note: For high and medium pressure pumps subroutine PARPMP will calculate
pump speed and net positive suction pressure required. Thus input values
need only be nominal.
1.2.1.11 Heat Source Data Input Cards. The requirement for heat sources, usually in
the form of gas generators, for any given cryogen system is usually associated with a
requirement for heat exchangers and turbines where waste heat is not available, or,
insufficient for the energy needed. For the defined cryogen systems, accommodated by
the Math Model Program, the heat source requirements are imbedded in the stored
INBLK data. Thus, if the value of INBLK (SYSNUM, 4, J) = 1, the heat source data are
required, otherwise the data cards are deleted from the input deck.
Heat sources in a two fluid system usually occur in pairs, except for the case where a
single supplementary heat source might be required to make up for an energy deficiency.
For purposes of uniformity in data handling, heat source data is always arranged such
that data for a heat source in the oxidizer side of the system is input first, followed by
the same data for the equivalent heat source in the fuel side of the system (i.e. , paired
sources). If one of the sources does not exist, then a dummy (or blank) card is entered
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in its place. The first pair of input data cards will contain data for the first pair of
heat sources closest to the cryogen consumer. Additional data sets are then input for
each pair of heat sources encountered while going through the system schematic toward
the fluid supply tanks. As with the heat exchanger data, the variables are doubly sub-
scripted and match the heat sources to the heat exchanger by position and fluid index.
The variables employed in heat source data input are as follows:
Gp (m) Card-1
NUMHS0 ~ Integer value for number of pairs of heat sources being considered
One card is required if heat source data is to be input.
GP (m) Card-2
HSTYPE ~ Integer value for heat source type
HSTYPE = 1, for gas generator only
HSTYPE = 2, for waste heat input only
HSTYPE = 3, for gas generator and waste heat combination
HSMRAT - Heat source 0/F mixture ratio
HS0TEM — Heat source outlet temperature (°R)
HSAEE ~~ Heat source available energy (BTUs)
HSPRES ~ Heat source outlet pressure (psia)
Two cards are required for each pair of heat source units; oxidizer side unit first followed
by fuel side unit —when data is to be input.
1.2.1.12 Electric Motor Data Input Cards^ The requirement for motor driven pumps,
transfer pumps, or compressors exists in some of the smaller cryogen systems where
pumping horsepower needed is small, or the duty cycle is light. For the cryogen systems
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considered in this program, the requirement for using electric motor data has been
embedded in the preprogrammed-stored INBLK data. If, for any specified system,
the value of INBLK (SYSNUM, 5, J) = 1, the electric motor data are required; if
otherwise, the data cards do not appear in the input data deck.
The variable employed for input at the electric motor data are as follows:
Gp (n) Card-1
MTYPE ~ Integer value for motor type
MEFF ~ Motor efficiency
MSS ~" Motor speed (rpm)
PDNSTY ~~ Power density of battery driving electric motors
One card is used if motor data is required. If not required the card is deleted from the
input deck.
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1.2.2 Input Data Card and Card Format Description
The input data cards which make up the program input data deck are defined by the
Read Statements located in Subroutines C0NTR0L, INTAB, and C0MPIL. This
subsection presents a graphic description of each input card as an aid in visualizing
and arranging the individual system input data decks needed for the analytical operation
of the program. Included as aids, are several tables which explain and define the
construction and insulation material types employed by the various subprograms.
Included also as aids in program data setup are several tables which define and explain
important variables that occur repeatedly. Table 1.2.2-1 presents the variable
names employed for control, branching and switching purposes. Table 1.2.2-2
presents the configuration variable names and definition. Following the tables are
the data sheets which present the input data card formats.
Table 1.2.2-1
VARIABLE NAMES EMPLOYED FOR CONTROL, BRANCHING,
AND SWITCHING PURPOSES
1. System Identification: (Subroutine C0NTRL)
Variable
Read
NSYS
Alpha
Input
ACP
Variable
Equivalent
NAMSYS
Integer
Value
NSYS
NSYS
NSYS
NSYS
APU
EC/
FUE
0MS
NAMSYS
NAMSYS
NAMSYS
NAMSYS
2
3
4
5
System Defined
Attitude Control Propulsion
System (AC PS)
Auxiliary Power Unit (APU)
Life Support System (EC/LSS)
Fuel Cell System (Fuel Cell)
Orbit Maneuvering System (0MS)
2. Control Variables: (Subroutine C0NTRL)
Control
Variable
SYSNUM
Integer
Value
1
2
Description
Controls Selection of Subprograms for AC PS
Controls Selection of Subprograms for APU
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Table 1.2.2-1 (Cont'd)
2. Control Variables (Subroutine C0NTRL) (Cont'd)
Control Integer
Variable Value Description
SYSNUM = 3 Controls Selection of Subprograms for ECLSS
(Cont'd) = 4 Controls Selection of Subprograms for Fuel
Cell
= 5 Controls Selection of Subprograms for OMS
SCRIT = 1 Specifies Subcritical Fluid Supply
2 Specifies Supercritical Fluid Supply
3. Branching and Switching Variables:
MDTRC - Diagnostic Trace Switch, Read in by Subroutine C0NTRL, Used by CRYC0N.
Defined in PDP-CCNTRL.
MDTRC ( ) = Diagnostic Trace Switch for CRYC0N (OFF = 0)
(1) = 1 TurnonACCRES
(2) = . 1 Turn on ACQWT
(3) = 1 Turn on APUSUB or APUSUP
(4) = 1 TurnonCMPCAL
(5) = 1 Turn on FUELCL
(6) = 1 TurnonC0NSUM
(7) = 1 Turn on ECLSS
(8) = 1 Turn on LIQRES
(9) = 1 Turn on TANK
(10) = 1 TurnonTSIZEI
(11) = 1 TurnonWTACC
MDTRC (1) is Card Column 70, —MDTRC (11) is Card Column 80 of the System
Specification Card
INBLK — Controls input data selection in subroutine C0MPIL via preprogrammed
set of switches.
System Specification
INBLK (SYSNUM, I, SGRIT) toput Selecti°n IndeX
Fluid Subsystem Type
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Table 1.2.2-1 (Cont'd)
DATA STATEMENT DEFINITION:
DATA
DATA
DATA
DATA
DATA
((INBLK(1
((INBLK(2
((INBLK(3
((INBLK (4
((INBLK(5
,1,
,1,
,1,
,1,
,1,
J)
J)
J)
,1
J
,1
,1
,1
= 1,
= l',
= 1,
= 1,
5)
5)
5)
5)
5)
,J
,J
,J
,J
,J
=
1
1
,2)/0,0,0,0,0,
1,2)/0,1,0,1,0,
,2)/0,0,0,0,0,
1,1,0,1,07
1,1,0,1,07
0,1,0,0,07
0,1,1,0,17
0,0,1,0,07
For:
1 = 1, Read Accumulator Data - If INBLK = 1
= 2, Read Heat Exchanger Data - If INBLK = 1
= 3, Read Pump Data - If INBLK = 1
= 4, Read Heat Source Data - If INBLK = 1
= 5, Read Motor Data - If INBLK = 1
KSUBC — Preprogrammed Branching Variable for specified system analysis program
selection -Used in subroutine CRYC0N. Defined in ST0DTA.
System Specification
Subprogram Index
KSUBC (SYSNUM, I)
DATA STATEMENT DEFINITION:
DATA (KSUBC (1,1), I =
DATA (KSUBC(2,1), I =
DATA (KSUBC(3,I), I =
DATA (KSUBC(4,I), I =
DATA (KSUBC(5,1), I =
1, NBRSR) /6,4,10,9,8,1,10,11,2/
1, NBRSR) /6,3,4,10,11,2,0,0,0/
1, NBRSR)/7,0,0,0,0,0,0,0,0/
1, NBRSR) 75,4,0 ,0 ,0 ,0 ,0 ,0 ,07
1, NBRSR)/6,4,10,9,8,1,10,11,2/
JAPUS — Switching variable which reverses order of subprogram selection for APU
subcritical or supercritical analysis. Used in subroutine CRYC0N, values
defined in subroutine ST0DTA.
Fluid Subsystem Type
Subprogram Reordering Index
JAPUS (SCRIT, I)
DATA STATEMENT DEFINITION;
DATA JAPUS(1,1), JAPUS (1,2) /4,3/
DATA JAPUS(2,1), JAPUS (2,2) /3,4/
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Table 1.2.2-2
CONFIGURATION VARIABLE NAMES AND DEFINITIONS
(Used by Subroutine C0MPIL, CMPCAL and LSSCMP)
1. Defined Configuration Names;
Defined
Variable
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
Input
Alpha
GAS
ENGINE
LINE
C0NTRL
FITTING
TAP
TEE
ELBOW
VALVE
REG
ACCUM
TANK
PUMP
HEX
TRBINE
F-CELL
EC/LSS
END
Variable
Equivalent
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
FNAME
Integer
Value
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Component
Item
FLUID
ENGINE
LINE
C0NTR0L
FITTING
FLUID TAP
TEE
ELBOW
VALVE
REGULATOR
ACCUMULATOR
TANK
PUMP
HEAT EXCHANGER
TURBINE
FUEL CELL
LIFE SUPPORT
END OF TABLE
2. Configuration Variable Definitions;
CONFIGURATION FUNCTION CODE AND TYPE.
CFUNCT = 1, GAS CFTYPE-1 = OXYGEN
CFUNCT = 2, ENGINE CFTYPE-1 = HI-PRESSURE
CFUNCT = 3, LINE CFTYPE = 10A FIXED NUMBER
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2 = HYDROGEN
2 = LO-PRESSURE
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Table 1.2.2-2 (Cont'd)
CFUNCT = 4, CONTROL USES TWO DIGIT INDEX AS FOLLOWS,
IDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
IDV = 10 FOR LIGHT WEIGHT CONTROL
= 20 FOR MEDIUM WEIGHT CONTROL
= 30 FOR HEAVY WEIGHT CONTROL
= 40 FOR EXTRA HEAVY WEIGHT CONTROL
CFTYPE = 1 FOR VALVE
= 2 FOR REGULATOR
= 3 FOR ORIFICE
= 4 FOR FLOW METER
CFUNCT = 5, FITTING USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNIT DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 4-WAY TEE
= 30 FOR 3-WAY TEE
CFTYPE = 1 FOR TEE
CFUNCT = 6, TAP USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 4-WAY TEE
= 30 FOR 3-WAY TEE
CFTYPE = 1 FOR TEE
CFUNCT = 7, TEE USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 4-WAY TEE
= 30 FOR 3-WAY TEE
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Table 1.2.2-2 (Cont'd)
CFUNCT = 8, ELBOW USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 90 DEG ELBOW
= 30 FOR 45 DEG ELBOW
CFTYPE = 1 FOR ELBOW
CFUNCT = 9, VALVE USES TWO DIGIT INDEX AS FOLLOWS,
IDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
IDV = 10 FOR LIGHT WEIGHT CONTROL
= 20 FOR MEDIUM WEIGHT CONTROL
= 30 FOR HEAVY WEIGHT CONTROL
= 40 FOR EXTRA HEAVY WEIGHT CONTROL
CFTYPE = IFOR VALVE
CFUNCT = 10, REGULATOR USES TWO DIGIT INDEX AS FOLLOWS,
IDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
IDV = 10 FOR LIGHT WEIGHT CONTROL
= 20 FOR MEDIUM WEIGHT CONTROL
= 30 FOR HEAVY WEIGHT CONTROL
= 40 FOR EXTRA HEAVY WEIGHT CONTROL
CFTYPE = 1 FOR REGULATOR
CFUNCT = 11, ACCUM NO OPTIONS
CFUNCT = 12, TANK (SEE TANK ROUTINE)
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CFUNCT = 13, PUMP
Table 1.2.2-2 (Cont'd)
USES TWO DIGIT INDEX AS FOLLOWS,
JOPTN = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
JOPTN = 10 FOR MINIMUM POWER PUMP
= 20 FOR MINIMUM WEIGHT PUMP
CFTYPE = 1 FOR HI-PRESSURE PUMP
CFTYPE = 2 FOR LO-PRESSURE PUMP
CFUNCT = 14, HEX CFTYPE = 1 FOR HI-PRESSURE
= 2 FOR LO-PRESSURE
CFUNCT = 15, TURBINE NO OPTIONS
CFUNCT = 16, FUEL CELL NO OPTIONS
CFUNCT = 17, ECLSS NO OPTIONS
CFUNCT = 18, END NO OPTIONS
CMTYPE - CONFIGURATION MATERIAL TYPE
CMTYPE = 1, 321/347 STAINLESS STEEL/
= 2, 2219-T87 ALUMINUM ALLOY
= 3, 6061-T6 ALUMINUM ALLOY
= 4, INCONEL-718 ALLOY
= 5, TITANIUM T1-6A1-4V ALLOY
= 6, CRES VACUUM JACKETED LINE
= 7, 2219 VACUUM JACKETED LINE
CITYPE - CONFIGURATION INSULATION TYPE
CITYPE = 1, DOUBLE ALUMINUM MYLAR/SILK NET
= 2, DOUBLE GOLD MYLAR/SILK NET
= 3, DOUBLE ALUMINUM MYLAR/TISSUE GLASS
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Table 1.2.2-2 (Cont'd)
CITYPE = 4, CRINK DOUBLE ALUMINUM MYLAR
= 5, NRC-2 CRINKLED ALUMINIZED MYLAR
= 6, SUPERFLOC
= 7, MICROSPHERES (104-135 MICRON)
= 8, POLYURETHANE FOAM
= 9, FIBERGLASS BATTING (JM)
CNOPER - NUMBER OF OPERATIONAL UNITS (CFUNCT)
CNSTBY - NUMBER OF STANDBY UNITS (CFUNCT)
CONFIG - CONFIGURATION TABLE
COLUMN 1 CONTAINS THE ABOVE SIX (6) VARIABLES PACKED ONE PER
BYTE IN THE ORDER THEY ARE LISTED FROM LEFT TO
RIGHT IN THE WORD.
COLUMN 2 CONTAINS THE FLOW FRICTION COEFFICIENT
COLUMN 3 CONTAINS THE LENGTH OF A LINE OR THE EFFECTIVE
L/D FOR OTHER COMPONENTS
COLUMN 4 CONTAINS THE DIAMETER OF A LINE
COLUMN 5 CONTAINS THE INSULATION THICKNESS FOR A LINE
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TitU
 USER ID CARD
CASE TITLE CARD
Model
Report No.
1.2.2.1
CARD TYPE - G (a) CARD-1
P
CARD FUNCTION - User Identification Card
READ BY - Subroutine C0NTRL
CARD FORMAT (2AC, 2XAI+, 3XA3, 1XA5)
0 0 0 0 0 0 0 0 0 0 0 0
I 1 3 I S ! ! I 1 II II I!
0 0 0 D o o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0>WJO0 0 0
II Ji 11 II IS II II 31 31 <1 II I! II U II II II II II il SI i? S3 SI SS Si SI SI i! II II II 13 II (S El II II I! II II I! 11 II IS lT>-HJl II
CARD TYPE - G (b) CARD-1
P
CARD FUNCTION - Case Title Card
READ BY - Subroutine C0NTRL
CARD FORMAT - (12AC)
CTITLE
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I 1 3 I S i I I 1 II II II 13 II IS II II II II il II ii 11 11 IS II il II Ii 11 II » 11 31 Ii 31 31 II 11 II II '! II " IS II II II 11 SI il Si SI SI ii SI SI SI Si H II II 13 II IS II II II II H II II
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TABLE DATA CARDS
(FOR STORED TABLE FILE) Report No.
1.2.2.2
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- G (c) CARD-1
- TABLE DATA ECHO CONTROL CARD
- SUBROUTINE INTAB
- (515)
0 0 0 0 0
I ! 1 I 5
0 0 0 0 0
t I I ] 10
0 0 0 0 0
I 1? 11 It IS
0 0 0 0 0
II I Ml I! 10
0 0 0 0 0
II !! 71 II ?i
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
;i ii ii i) 11 ii ii n » is ii 31 ii n ii i ! ii ii is ii i> ii it 10 si s! si si ss si si si si 11 n ti 11 H is » ii u » 10 ii ii n ii is i
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
REF.
- G (d) CARD-1
P
- TABLE DATA FILE - ADD CARD
- SUBROUTINE IMTAB
- QADD,P FILNAM
- UNTVAC-1108 MANUAL
@ADD,P FILNAM
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I 1 i I s I 1 I 1 II II I! II II IS II II II » il !l » !1 It n It !l !l !1 11 31 1? 11 II IS II II II H II II « « II n II II II I) in SI S! 51 J4 SS SI SI il 51 II II H II H Ii 11 II U II II II » 11 14 IS Ii II II II II
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ALTERNATE TABLE DATA INPUT
-TABLE DATA DECKS-
Model
Report No.
1.2.2.3
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- G (c) CARD-1
- TABLE DATA DECK ECHO CONTROL CARD
- SUBROUTINE INTAB
- (515)
0 0 0 0 0 0 0 0 0 0
i 1 I 1 II
1 0 0 0 0 0 0 0 0 0
II I Ml II 10
I 0 0 0 0
i ii i! ii is
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
it it n :t 11 ii ii 11 is 31 3111111
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
II 4! I) « IS Ii II II I) SO SI SI il M SS U SI bl S! U il II 11 U IS U il El I) ID II 11 I] II 1
1 0 0 0
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- Gp(d) CARD-1
- TABLE I.D. AND CONTROL CARD
- SUBROUTINE INTAB
- (Ij-AL,
TITLE
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I I 3 I S I I! II II I! I] II Ii II II II 13 ID II !! .'] !! IS II V II II 31
ND
0 0 0 0 0 0
NC
0 0 0 0 0 0
IP
0 0 0 0 0.0
NT
0 0 0 0 0 0
I) II Ii Ii II II H o o o o o o o o o o o o o o o o o o o o o o o oi) si ii si ii si ss si si si si u n 11 u si is a n 11 n ID n 11 n n is u iii
CARD TYPE
CARD FUNCTION
CARD FORMAT
- p(d) CARD-2
- TABLE COMMENT CARD
- (13AL, A2)
COMMENT
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I I 1 I S [ I I 9 II II II I] II IS II II II I! VD II II I! .'I n n II II II ID II II IB 31 IS Ii 31 II » I) II II 13 II IS Ii II II <1 SO SI SI S3 SI SS Si SI SI SI ID II II II (I IS il il U i) ID II II 13 II IS II II 11 II II
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(d) CARD-3
- TABLE SUBSET VARIABLE CARD
- (3AL, IT, 5E10.0)
LABV
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I I 1 I S I I I 1 ID IMI II U IS Ii II II
NP
0 0 0 0 0 0 0
n n ii »13 ii is
TAB
0 0 0 0 0 0 0 0 0 0
II II II I) 3D II 31 33 31 3S
TAB
0 0 0 0 0 0 0 0 0 0
II 31 31 31 II II II 13 U H
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TAB
0 0 0 0 0 0 0 0 0 0
ii ii ii a si si si S3 si ss
TAB
0 0 0 0 0 0 0 0 0 0
u si si si ID ii u 13 n is
TAB
0 0 0 0 0 0 0 0 0 0
U II II II ID II II I) II IS
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ALTERNATE TABLE DATA INPUT
- TABLE DATA DECKS -
Model
Report No.
1.2.2.3
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- Gp(d) CAKD-1|.
- TABLE PLOT CONTROL CARD
- SUBROUTINE INTAB
- (3AL, 3AL, 2E12.0)
LABX
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 ! I S I I I ! 10 II I! II II IS II II II
LABY
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ii <o ii i; n ?< is it n n n :«31 32 33 BI 35 is » u si n n 4! 4 1 4 4 n n n n
XMIN
0 0 0 0 0 0 0 0 0 0 0 0
XMAX
B O O O O O O O O o o o
I) U SI SI S3 S4 IS SE V SI SI II
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ M O
SI E? (3 (4 ES EE El El El 10 It II 13 14 IS IE II II IIs!
CARD TYPE
CARD FUNCTION
CARD FORMAT
- G (d) CARD-5
- TABLE SUBSET DATA CARD
- (3IC)
NV
o o o o o oi i i i s i
TYPE
O O O O O O
1 I I ID 11 1?
NIP
o o o o o o
13 14 IS IE II II
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 iTTWJLOO 0 0 0 0
i! 11 ii u n » n n 11 n n u n 3113 n ss n 31 n " 10 4 1 4 1 4 3 44 4s it 4 1 4 1 4 ) s» 51 12 ii 54 si IE si si si ED ti u a u ES EE d u si » n n 131< liTTn-uj! u
CARD TYPE
CARD FUNCTION
CARD FORMAT
- G (d) CARD-6
- TABLE DATA CARD (POLY NOMIAL COEFFICIENTS)
- (CE12.0)
XTAB
0 0 0 0 0 0 0 0 0 0 0 0
i i j 4 s c i i i u n ii
XTAB
0 0 0 0 0 0 0 0 0 0 0 0
13 14 IS IE II II 19 a II 11 11 74
XTAB
0 0 0 0 0 0 0 0 0 0 0 0
•5 It It II H 30 31 3! 33 34 35 3B
XTAB XTAB
0 0 0 0 0 0 0 0 0 0 0 0
)/ 31 33 40 41 4? 43 44 4S 4£ 41 40
0 0 0 0 0 0 0 0 0 0 0 0
»si si S3 s< u it si u a a
XTAB
0 0 0 0 0 0 0 0 0 0 0 0
(I II II 41 ES IE El El El 19 II 1}
0 0 0 0 0 0
14 ft IE 1J II 1
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(d) CARD-6
- TABLE DATA CARD (DISCRETE DATA)
- (6E12.0)
XTAB
0 0 0 0 0 0 0 0 0 0 0 0
I ) 1 I S E 1 I 9 It II 12
XTAB
0 0 0 0 0 0 0 0 0 0 0 0
13 II IS IE II II II il !l Ii 13 24
XTAB XTAB
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
IS 21 21 II 1! 30 31 31 33 34 3S 31 31 31 3! 40 41 II 13 14 IS 41 II II
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XTAB
0 0 0 0 0 0 0 0 0 0 0 0
i! so si s: si si ss si si si si n
XTAB
0 0 0 0 0 0 0 0 0 0 0 0
II E2 E3 14 ES II II II I! 10 II I! 13 14 IS II II II II
o o o o o o oN
LMSC-A991396
Prepared by: Date LOCKHEED MISSILES & SPACE COMPANY. INC.
Page Temp. Peim.
Checked by: Date Title
Approved by: Date
SYSTEM DEFINITION
INPUT CARD
Model
Report No.
1.2.2.1*
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- Gp(e) CARD-1
- SYSTEM DEFINITION CARD
- SUBROUTINE C0NTKL
- (A3, A6, 3X, A3, llix, A3, 37X, llll)
0 0 0
1 1 1
0 0 0 0 0 0 0 0 110 0 0
1 S S 1 I 1 II II 111 13 II IS
0 0 0 0 0 0 0 0 0 0 0 0\0
II II II II il II II I! » !i !i II II
K
g o o
I) II )i
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
I IS 31 II 31 31 <1 II <! I! U IS II II II I) S! SI SI SI SI SS SI SI SI S) H II il il U I
MDTRC
- THIS IS A BLANK SPACE -
GO TO NEXT PAGE
- NOT A CARD -
o o o o a o ooju-e-inro o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o inrwuLJioo o o o o o
I LJ-*-T-r"TlT II II I! IJ 14 IS II I? II I! il II H !1 II IS It II II n II !l 1! 33 M 3S 3S ]l 31 II <l II « 13 « IS II II II « » II SI 51 SI SS Si SI SI 5! U il II U H IS II II II (I II II I! l3l<Tn«-HJI II II
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CONFIGURATION DEFINITION
DATA CARDS Report No.
1.2.2.5
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- G (f) CARD-1
- CONFIGURATION DATA CARD
- SUBROUTINE C0MPIL
- (A6, A, 315, 3F5-0, 15,
2F5.0, 5X, A6)
o o o o o o
O
0 0 0 0
I ! 11
o
0 0 0 0 0
o
PH
O
1 0 0 0 0
!> 1! 1) 11 !i
o
0 0 0 0 0
•a
0 0 0 0 0 0 0 0 0 0
O
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<! U II it SI 1! i! U il
o o o o o o 0 0 0 0 0 0 0 0 0 0 0
(I U U 11 II I! II U U 1! II II I'
CARD TYI'E
CARD FUNCTION
READ BY
FORMAT
- Gp(f) CARD-2
- CONFIGURATION DATA END CARD
- SUBROUTINE C0MPIL
- (A6, Ik, 315, 3F5-0, 15,
2F5.0, A6)
END
O O O O O O
I i 1 I S i
000 0 0 0 0 0 0 3 0 0 0 00000
'I !! !! II »
0 0 0 0 0
it 11 a n u
00000
II U H IS
NOT USID
0 0 0 0 0
! 31 11 U II
0 0 0 0 0 00000 o o o o o o o o o o o o o o o o o o
n a u u K »ii u n ii ii n n u is it n »
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DUTY CYCLE DEFINITION
DATA CARD
Model
Report No.
1.2.2.6
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- G (g) CARD-1
- DUTY CYCLE DATA CARD
- SUBROUTINE C0MPIL
- F0RMAT (3F10.0, 15, 3F10.0, Ff.O)
DCYCLE
(I)
0 0 0 0 0 0 0 0 0 0
I ! J 4 S 6 ! I 1 ID
DCYCLE
(1+1)
0 0 0 0 0 0 0 0 0 0
II I! II II IS II II II I! 'D
PSI
0 0 0 0 0 0 0 0 0 0
!! n » n n n n n u
o o o o o 0 0 0 0 0 0 0 0 0 0
PAMP
0 0 0 0 0 0 0 0 0 0
II II II I) il SI SI S3 M SS
PKW
0 0 0 0 0 0 0 0 0 0
SI SI SI SI ED II II II II IS li II II I) ID II I!
H
EH
K
0 0 0 0 0 0 0 ) 0 0 0 0 0 OX
! I IS II II II II I
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- G (g) CARD-1
- DUTY CYCLE DATA END CARD
- SUBROUTINE C0MPIL
- (3F10.0, 15, 3F10.0, FT.O)
NOT
USED'
0 0 0 0 0 0 0 0 0 0
I 1 ] I S ( I I ! ID
-1
0 0 0 0 0 0 0 0 0 0
II I! 13 II IS II II II >! >>
0 0 0 0 0 0 0 0 0 0
ii u ii n » 11 n n ID
H O O D
II 11 33 31 IS
NOT
USED
D 0 0 0 0 0 0 0 0 0
|| 31 II II U 'I " " " "
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i ii « so si a a v is
0 0 0 0 0 0 0 0 0 0
i si u si u ii a u u u
0 0 0 0 0 0 0
u ii u n ii n 11
) 0 0 0 0 0 0\
u n is » ii ii n i
LMSC-A991396
Prepared by: Date
LOCKHEED MISSILES & SPACE COMPANY. INC.
Page
Checked by: Date Title Model
ENGINE CONSUMER DATA CARDS
Approved by: Date Report No.
1.2.2.7
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- G (h-l) CARD-1
P
- ENGINE CONSUMER INPUT DATA CARD
- SUBROUTINE C0MPIL
- (15, 6F10.0)
0 0 0 0 0
i i 3 i s
GITEMP
1 0 0 0 0 0 0 0 0
1 I ! 11 11 I! I! II
GIPRES
0 0 0 0 0 0 0 0 0 0 0
i) ii i! /i ii n i) 11 is
THRUST
0 0 0 0 0 0 0 0 0 0
!! II !l 1> 10 II li 33 31 IS
PSUBC
0 0 0 0 0 0 0 0 0 0
i 31 31 1) <D <l 41 li II IS
EXPRAT
0 0 0 0 0 0 0 0 0 0
i I! II I) bl SI i! SI il U
MIXRAT
0 0 0 0 0 0 0 0 0 0
Si SI SI Si 10 il U (1 II li
0 0 0 0 0 0 0 0 0 0 0 0 0N
it 0 II I! 10 II II 13 II IS It II II l
THIS CARD NOT
USED
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I 7 3 I i I 1 I 1 II II I! II II li II II II II il II » n II IS K » !l 11 31 31 11 33 31 IS 31 31 31 11 10 II I! II 14 IS li II II « SO il ii il H Si ii i' il " II II " il » »i " " " " '0 " " " " » " " " " "
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APU CONSUMER DATA CARDS
Report No.
1.2.2.8
CARD TYPE - G (h-2) CARD-1
CARD FUNCTION - APU CONSUMER INPUT DATA CARD - APU BASIC
DATA
READ BY - SUBROUTINE C0MPIL'
•PORMAT _ (15. 5X. 5F10.0)/ y
\
0 0 0 0 0 0 0 0 0 \
1 1 ! 4 i ( ! | ! 1 )
HPR
0 0 0 0 0 0 0 0 0 0
1 11 13 II IS II 11 II II il
FMR
0 0 0 0 0 0 0 0 0 0
M 11 n ii is li n ii li :D
PGG
0 0 0 0 0 0 0 0 0 0
31 1! 11 11 IS li 11 11 3! II
TIT
0 0 0 0 0 0 0 0 0 0
1 11 11 II 4S li II 11 1) SI
TD
0 0 0 0 0 0 0 0 0 0
1 S! S] SI Si Si S) SI S! 10
\
\^
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O M l D
il i! il 14 IS ii 11 il il 11 11 11 11 14 IS li 11 II llX,
CARD TYPE _ Gp(h-2) CARD-2
CARD FUNCTION _ APU CONSUMER INPUT DATA CARD-APU SUBCRITICAL
DATA
FORMAT - (7F10.0)
MRGGCH
0 0 0 0 0 0 0 0 0 0
1 1 3 4 S i 1 1 1 10
MRGGC0
0 0 0 0 0 0 0 0 0 0
1 1! 11 II IS li II II 19 il
TDGGH
0 0 0 0 0 0 0 0 0 0
11 11 11 14 IS 11 11 11 1! ID
TDGG0
0 0 0 0 0 0 0 0 0 0
31 31 33 11 IS li 11 31 3) 10
TVH
0 0 0 0 0 0 0 0 0 0
41 11 il ii is li ii ii 49 si
TV0
0 0 0 0 0 0 0 0 0 0
SI SI SI SI Si Si SI SI ii il
'TENV
0 0 0 0 0 0 0 0 0 0
II I! 11 14 IS ii 11 U II 10
\
0 0 0 0 0 0 0 0\0
II 11 I] 14 IS 11 11 II II X
CARD TYPE - Gp(h-2) CARD-3
CARD FUNCTION - APU CONSUMER INPUT DATA CARD - APU SUFERCRITI-:
CARD FORMAT - (7F10.0) CAL DATA
FMRG
0 0 0 0 0 0 0 0 0 0
1 1 3 4 S i I 1 1 ID
PFH
1 0 0 0 0 0 0 0 0 0
1 11 11 II IS li 11 II 1! ID
PF0
0 0 0 0 0 0 0 0 0 0
1 11 11 14 IS It 11 11 11 11
TFH
0 0 0 0 0 0 0 0 0 0
II 11 13 31 IS li 31 11 1) II
TF0
1 0 0 0 0 0 0 0 0 0
1 41 1] II IS li 11 II 4! SD
TG
1 0 0 0 0 0 0 0 0 0
1 SI S3 SI SS SI SI SI S! 11
DELPCP
0 0 0 0 0 0 0 0 0 0
1 II il 14 IS (i il II II ID
TENV
0 0 0 0 0 0 0 0 0 0
1 1 3 1 5 i 1 1 ! 10
0 0 0 0 0 0 0 0 0 0
II 11 11 II IS li 11 II II 21
0 0 0 0 0 0 0 0 0 0
11 11 13 14 IS li 11 11 1! It
NOT
USED
0 0 0 0 0 0 0 0 0 0
11 11 11 31 IS 11 11 11 11 II
0 0 0 0 0 0 0 0 0 0
ii « ii u li « ii ii i) so0 0 0 0 0 0 0 0 0 01 U 13 14 SS SI SI SI 51 ID 0 0 0 0 0 0 0 0 0 0ii i: 13 M is ii ii n n n
\
1 0 0 0 0 0 0 0 0\
1! 11 14 IS II 11 11 11 I0\
\
0 0 0 0 0 0 0 0 \ 0
11 1! 11 11 IS 11 11 11 1! ll^
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1.2.2.9
CARD TYPE
CARD FUNCTION
READ BY
FORMAT
Gp (h-3) CARD-1
LIFE SUPPORT INPUT DATA CARDS
SUBROUTINE C0MPIL
, 5F10.0/(7F10.0)
S
0 0 0 0 0
i i 3 4
 s
g
1 0 0 0 0 D 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
ii 13 ?< is n ii n n :e
0 0 0 0 0 0 0 0 0
II ]) X 35 ]( II II II <0
S1-
1 0 0 0 0 0 0 0 0 0
,1 41 4} 44 4i 46 I) IB 19 U
(N
if
0 0 0 0 0 0 0 0 0 0
il S! S! 14 ii ii SI SI M II
o
w
s
•Q.
0 0 0 0 0 0 0 0 0 0
I (? I] it IS ii II (I 19 II
w
m
•Q
IKPC;
0 0 0 0 0 0 0 0 0 0
I 1 1 I S i I I ! II
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
II I? 1} 14 IS IG II II 13 ifl II I] 13 14 IS II II II I) 3B
COtf
0 0 0 0 0 0 0 0 0 0
31 31 33 31 3S 31 31 31 3! 40
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
41 41 43 44 4S 41 41 41 4) SI SI 1! S! SI SS SI SI SI SI U II U 13 14 IS II tl II I! II
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
n i! n ii is ii ii ii i
CARD TYPE
CARD FUNCTION
CARD FORMAT
- G (h-3) CARD-2
- LIFE SUPPORT INPUT DATA
- (7F10.0/5F10.0)
$
H
0 0 0 0 0 0 0 0 0 0
I I 3 < i I I I ! II
CVJ
1 0 0 0 0 0 0 0 0 0
I II 13 14 IS It II II I) il
0 0 0 0 0 0 0 0 0 0
I II 13 14 IS It II II I! 30
1 0 0 0 0 0 0 0 0 0
II II 13 31 IS 11 31 31 3! 10
*
9 0 0 0 0 0 0 0 0 0
I 4! 43 44 Ii II II 41 1! SO
CVJ
*I
0 0 0 0 0 0 0 0 0 0
il SI S3 il SS SE SI SI SI 10
0 0 0 0 0 0 0 0 0 0
II II 13 U IS II II 11 II 10
0 0 0 0 0 0 0 0 ON
1 ii n H is ii 11 » D i
0 0 0 0 0 0 0 0 0 0
1 I I 4 S I I I ! II
0 0 0 0 0 0 0 0 0 0
cvj
0 0 0 0 0 0 0 0 0 0
II II 13 14 IS II II II I! 10 II II I! II IS II II II II 31 II 31 33 31 3S 31 31 31 3! 10
0 0 0 0 0 0 0 0 0 0
ffi
0 0 0 0 0 0 0 0 0 0
:l II 4! 14 IS II 41 II II SI
76
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SI SI SI S4 SS SI SI SI S! U il 1! 13 H IS II II II II 10 II II 13 14 Ii Ii I
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FUEL CELL CONSUMER DATA
CARDS Report No.
1.2.2.10
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
-1 CARD-1
FUEL CELL INPUT DATA CARDS
SUBROUTINE C0MPIL
(10F7.0)
0 0 0 0 0 0 0
I I ] I i i !
9 0 0 0 0 0 0
I I 10 II II II 14
0 0 0 0 0 0 0
ii II II II II 10 II
0 0 0 0 0 0 0
•i n ii ?s n
0 0 0 0 0 0 0
I! !0 II II 3] U IS
OJ
s
1
1 0 0 0 0 0 0
i 11 II II II II I!
1 0 0 0 0 0 0
I] II Ii U II II 19
1 0 0 0 0 0 0
il SI SI SI M ii it
0 0 0 0 0 0 0
>i so sg ii ii ii 11 il iS It II II i! 10
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
1
0 0 0 0 0 0 0
I I 1 I S i I
0 0 0 0 0 0 0
I ! 10 II II II II
E1
0 0 0 0 0 0 0
IS II II II I! 10 II
CM
1
DO 0 0 0 0 0
!! ?3 II IS II II II
0 0 0 0 0 0 0
I! ID 11 !! 33 31 3S
D O 0 0 0 0 0
Ii 31 31 1) <l II I! 13 II IS 4i II II 19
0 0 0 0 0 0 0 1 0 0 0 0 0 0
ii SI SI S3 SI SS Si
1 0 0 0 0 0
il SI S9 U il I! 13
PH
0 0 0 0 0 0 0
\t iS ii II II II 10
) 0 0 0 0 0 0 01
I II I! II IS II II II I
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(h-lr-) CARD-2
- FUEL CELL INPUT DATA
- (215, 6F10.0)
0 0 0 0 0
8
CO
0 0 0 0 0
PH
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
II II 13 II IS Ii II II Ii il II II 13 II Ii Ii II II 19 30 31 31 33 31 IS 31 31 31 39 10
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
ii ii 13 ii is ii ii ii<i so
0 0 0 0 0 0 0 0 0 0
il SI S3 SI SS Si SI SI S9 U
0 0 0 0 0 0 0 0 0 0
II II SI U K ii II U II 10 II II 13 II IS II II II 1!
CARD TYPE
CARD FUNCTION
CARD FORMAT
0 CARD-3
- FUEL CELL INPUT DATA
- (7F10.0)
I
0 0 0 0 0 0 0 0 0 0
I 1 1 I S S I I I 10
e
0 0 0 0 0 0 0 0 0 0
II II 13 14 IS Ii II II II iO
OJI
0 0 0 0 0 0 0 0 0 0
I I! 11 II IS II
0 0 0 0 0 0 0 0 0 0
11 II 1! )l| II 31 31 14 IS It 31 II II 41
77
C\l
l o o o o o o o o o
II U II 14 IS II II II 41 SI
o
a
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
il SI S3 S4 Si SI SI SI SI U II I! U H IS ii 11 U II ID
0 0 0 0 0 0 0 0 0\0
II 11 11 II IS II 11 II II I
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TANK CHARACTERIZATION
INPUT DATA Report No.
1.2.2.11
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
Gp(i-l) CARD-1
TANK CHARACTERIZATION INPUT DATA CARDS
SUBROUTINE C0MPIL
(515)
PH
-
0 0 0 0 0
1 ? 3 4 b
0 0 0 0 0
I I I 1 ID
CQ
0 0 0 0 0 1 0 0 0 0
II I Ml II it
CQ
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i !! 13 » n n ii ii 19 :i 11 11 u x is IE n n 11 n <i n 13 » is u u <! 19 si n si si M ss si si si » u n » (3 u is si n EI ( 910 n u 1311 is it IT
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(i-l) CARD-2
- TANK DATA
- (8F10.0)
EH
H
CQ
0 0 0 0 0 0 0 0 0 0
1 I 3 I S ( 1 I
0 0 0 0 0 0 0 0 0 0
II II 13 U IS II II II 13 II
I
CQ CQ
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
II II I! II IS-II II II II 31 31 31 33 31 IS 31 31 31 39 II
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
II II 13 II IS li II I) II SI SI SI S3 SI SS St SI SI S9 10
CQ
0 0 0 0 0 0 0 0 0 0
II II 13 El ES Ei E) El E9 10
0 0 0 0 0 0 0 0 0 0
ii ii n it is IE n u n u
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(i-l) CARD-3
- TANK DATA
- (8F10.0)
CQ
0 0 0 0 0 0 0 0 0 0
I I 1 I S I I I 9 10
CQ
b o o o o o o o o o
I II 13 II IS IE I) II I! ID
f
CQ
0 0 0 0 0 0 0 0 0 0
CQ
0 0 0 0 0 0 0 0 0 0
I JJ II II IS IE II II 19 31 31 31 33 31 3S 3E il 31 39 II
e
CQ
0 0 0 0 0 0 0 0 0 0
II II 13 II IS I! II II II SD
CQ
0 0 0 0 0 0 0 0 0 0
,1 SI SB SI SS SI SI SI S9 ED
CQ
0 0 0 0 0 0 0 0 0 0
II EI E3 El IS EE El EE E9 ID
CQ
0 0 0 0 0 0 0 0 0 0
ii ii n n is IE n n 19 n
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(i-l) CARD-4
- TANK DATA
- (FIO.O)
CQ
0 0 0 0 0 0 0 0 0 0
I I 3 I S E I I S ID
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
I II 13 II IS IE II II II ID II II 13 II IS II II II II ID 31 II 33 31 IS 31 31 31 39 ID II II 13 II IS II II II I) SD SI SI S3 SI SS SE SI SI i! ED El EI E3 II IS II II II 19 ID II II I
NOTE: TWO SETS OF THE ABOVE CARDS ARE REQUIRED
_
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1.2.2.12
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
Gp(i-2) CARD-5
TANK GEOMETRY OPTION CARD
SUBROUTINE C0MPIL
(215)
PM
o o o a o 0 0 0 0 0
I II I] II I* It II II I) 10
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0
n u n it ii ii n :g n n 3111 is 31 n 11 M it
NOT
USED
D O 0 0 0 0 0 0 0 0
II I! I! M IS <! II II I! SI
0 0 0 0 0 0 0 0 0 0
I SI S3 M 45 Si SI SI S) M
0 0 0 0 0 0 0 0 0 0
I II I] II (S It tl El I! II
1 0 0 0 0 0 0 0 0 0
II I! II IS II II II II II
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(i-3) - CARD-6
- TANK SEGMENT SHAPE CARD
- (215, 7F10.0)
00 0 0 0
I I 3
Pn
0 0 0 0 0
i I I I 10
0 0 0 0 0 0 0 0 0 0
II I! 13 II IS II II II I) 11
0 0 0 0 0 0 0 0 0 0
'I II I! II IS It II II II 31
0 0 0 0 0 0 0 0 0 0
31 3! 33 31 3S II 3! 31 !! <0
0 0 0 0 0 0 0 0 0 0
41 13 14 4S 41 41 41 43 SO
NOT
USED
0 0 0 0 0 0 0 0 0 0
SI SI S3 SI IS SI SI SI i) II
0 0 0 0 0 0 0 0 0 0
II II U 14 IS El II U i) 10
0 0 0 0 0 0 0 0 0 0
II H 13 II IS II II II II 10
NOT A CARD
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OTTO4-OJLO 0 0 0 0 0
I 10 II I! 13 II IS Ii II II I! ID II I! 13 II IS II 11 II I! 31 31 31 33 31 IS It 31 31 3) 41 41 I! 13 II IS 41 41 41 <! SI SI SI S] SI SS SI SI SI S! U II II 13 U IS It II II II 10 II II 13 II I
NOT A CARD
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O l » 0 0 0 0 0
I! U10 II II 13 II 14 Ii II II II iO II II 13 II IS II II II » 30 31 31 33 14 IS II 31 31 31 10 41 I! 13 II IS 41 41 41 41 SI SI SI S3 SI SS SI SI SI S! 10 II II 11 H iS U II II II 10 II
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ACCUMULATOR CHARACTERIZATION
INPUT DATA CARDS Report No.
1.2.2.13
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
Gp(,j) CARD-1
ACCUMULATOR DATA INPUT CARDS
SUBROUTINE C0MPIL
(315)
f
0 0 0 0 0
! ! I i
0 0 0 0 0
i 1 I ! 10
0 0 0 0 0
I I! II II IS
) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01
IE II II I) it II II II II IS II II II II 11 II 1! 11 II IS Ii II 11 II II II II II II IS Ii II II I) SI SI SI SI S4 SS SE SI SI S) » II II El II IS II il El E) II II II I! II 1
1 0 0
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(j) CARD-2
- ACCUMULATOR DATA
- (F10.0)
0 0 0 0 0 0 0 0 0 0
I 1 1 I S i I I I II
0 0 0 0 0 0 0 0 0 0
II II I] II IS II II II I) I
0 0 0 0 0 0 0 0 0 0
ii i! n it is it ii a n n
w
EH
0 0 0 0 0 0 0 0 0 0
II II 1! II IS II 31 II 11 II
0 0 0 0 0 0 0 0 0 0
II II II II IS II II II 13 SI
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
il SI S3 SI SS SI SI SI S! ID (I II 13 El IS El El El El II
0 0 0 0 0 0 0 0
II II II II IS IE II II I
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(o) CARD-3
' ACCUMULATOR DATA
- (10.0)
0 0 0 0 0 0 0 0 0 0
I I 3 I S E I I I ID
p o o o o o o o o o o o o o o o o o o-o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o i
I I! 13 II IS II II II II >! II II 13 II IS IE II II II 31 31 II 11 II IS It II II 3! II II II 13 II IS II II II :! SI SI SI S3 SI SS SI SI SI SI U II II E] El IS EE El il E! 11 II I! 13 II I
1 0 0 0
NOTE; TWO SETS OF THE ABOVE CARDS ARE NEEDED IF ACCUMULATOR DATA IS
REQUIRED.
NOT A CARD
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (TDT-frWULJlOO 0 0 0 0 0
! II II II 13 U IS IE II II II 'it II II 13 II IS It II II I! 31 II 31 31 II IS II II 31 It II II II 13 II IS If I) It '! SI SI S! SI SI SS Si SI SI S! II II El E! U IS EE El II I! II II nTTTTTnt-UJI II U
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HEAT EXCHANGER CHARACTERIZATION
DATA INHJT CARDS Report No.
1.2.2.1*4.
Heat Exchanger Data Input (when required) will always be in pairs. Use
dummy blank card if one heat exchanger does not exist. Oxidizer side
unit will be entered first followed by fuel side unit.
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- G (k) CARD-1
- HEAT EXCHANGER DATA INPUT CARDS
- SUBROUTINE C0MPIL
- (15)
0 0 0 0 0
1 ? 3 1 ',
J 0 0 0 0 0 0 0 0 Q 0 0 0 0 fl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 HnH-ttJlJOO 0 0 00
i i 10 M i! u ii is it ii ii i! a ii 11 ii it n n i> n n n n u n i< is M Ji 11 n <o u « n « is u <i n « so si a a s* ss si si si si n n i: 11 H is u n u n u n i: 13 i7TTn-«Jiji n
CARD TYPE
CARD FUNCTION
CARD FORMAT
_ Gp(k> CARD-2
- HEAT EXCHANGER DATA
- (11F6.0, 6X,A6) (OXIDIZER SIDE)
O O O O O O o o o o o o
I I I It II I!
B
o
o o o o o o
II U IS II II II
o o o o o o
I! it II !! II II
o o o o o o o o o o o o
'i II il II I) 31 11 1! 1! U n II 31 31 3) It II II
PL.
M
O
O O O O O O
•Si
o
o o o o o o o o o o o o
i si si si si si ss si si si si u 11 » u u is u
O O O O O O
I I 3 I S I
O O O O O O
I I II II I!
EH
H
O
1 0 0 0 0 0
3 II IS II II II
o
D O O O O O
H ii n n »
H
H
D O O O O O
s n ;i n u 3i
o o o o o o
II 3! 31 31 Ji II
P4
H
O
O O O O O O
II 11 11 U II "
81
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PUMP AND TURBINE CHARACTERIZATION
DATA INPUT CARDS
Model
Report No.
1.2.2.15
Pump and turbine input data (when required) will always be input in pairs.
Six cards (3 pair sets) are always required. Non-pertinent variables will
be left as blanks. If no data are required, then all cards are omitted from
input data deck.
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
G (l) CARD-1-2
PUMP AND TURBINE INPUT DATA CARDS
SUBROUTINE C0MPIL
(15, It-FlO.O)
1. OXIDIZER SIDE
2. FUEL SIDE
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
f II ! 10 II I! li II IS
0 0 0 0 0 0 0 0 0 0
II II II 19 11 II II 11 » IS
02
0 0 0 0 0 0 0 0 0 0
IE !l II I! II II 31 1! X IS
I
0 0 0 0 0 0 0 0 0 0
1 11 II II II II I] II IS
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OXLJ 00
li II II II SO il SI 11 SI SS SI Si SI SI ID (I II il il IS li I! il I! II II II II II IS II II if
CARD TYPE
CARD FUNCTION
CARD FORMAT
- Gp(l) CARDS 3-U
- TRANSFER PUMP DATA 3. OXIDIZER SIDE
k. FUEL SIDE
PM
EH
0 0 0 0 0 0 0 0 0 0
I ! 3 I S [ I I ) 10
0 0 0 0 0 0 0 0 0 0
I I! II II IS li II II I! il 1
0 0 0 0 0 0 0 0 0 0
I I! I! II n II II II I) ID
1 0 0 0 0 0 0 0 0 0
II I? 33 31 3) It II 11 !) II
) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01
.1 II 13 II IS II II It I! SI SI S! S3 SI SS Si SI SI S! il II 11 11 il IS li II U I! II II il I] II IS li 111
1 0 0
CARD TYPE
CARD FUNCTION
CARD FORMAT
- G (l) CARDS 5-6
- TURBINE DATA
- (5F10.0)
5. OXIDIZER SIDE
6. FUEL SIDE
00 0 0 0 0 0 0 0 0
I I 3 I S I I I I II
0 0 0 0 0 0 0 0 0 0
I II 13 II IS li II II I! 10
0 0 0 0 0 0 0 0 0 0
II II 11 II !S li 11 II 1) 31
0 0 0 0 0 0 0 0 0 0
31 11 33 U 3S 31 31 31 3! II
D o o o o o o o o o
I II 13 U I) li II II I! SI
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
il S! S3 SI SS Si SI SI SI il II il i3 II IS U II U U II II I! 13 II IS li II I
00
82
LMSC-A991396
Prepared by: I Date
LOCKHEED MISSILES a SPACE COMPANY. INC.
Page Temp Perm.
Checked by: Date Title
Approved by:
SOURCE CHARACTERIZATION
DATA INPUT CARDS
Model
, Date Report No.
1.2.2.16
Heat source data input (when required) will always be in sets of two cards,
one each for oxidizer and fuel sides of system. Use dummy (blank) card
when one unit does not exist. Oxidizer side unit will be entered first
followed by fuel side unit.
HEAT SOURCE INPUT DATA CARDS
CARD TYPE - Gp(m) CARD-1
CARD FUNCTION - HEAT SOURCE DATA
READ BY - SUBROUTINE C0MPIL
CARD FORMAT - (15)
0 0 0 0 0
I ! ] ! ' .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
t I I 9 II III! II II IS li II It II a II I! 11 II IS Ii II II II 11 II II 1! II IS 11 II II ]] II II II II II IS I! II <! I) SI SI SI SI SI SS Si SI 11 S) 11 (I S? (1 il IS it II II 19 It II I! I
0 0 0 0
I
CARD TYPE - Gp(m) CARD-2
CARD FUNCTION - HEAT SOURCE DATA
CARD FORMAT - (I5,5X, (OXIDIZER SIDE)
0 0 0 0 0
I ! 1 I S
0 0 0 0 0 0 0 0 0 0
I II II II IS li II II 19 il
0 0 0 0 0 0 0 0 0 0
i n n ii is n ii ii 1911
1 0 0 0 0 0 0 0 0 0
II II 1! II li li II II 19 11
0 0 0 0 0 0 0 0 0 0
I II I] 14 IS I! II I! I! SI
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
si si si ii si Si si si S9 ii ii ii ii ii is u ii u a n n ;i n u is IE 11 i
1 0 0
CARD TYPE
CARD FUNCTION
CARD FORMAT
- G (m) CARD-2
- HEAT SOURCE DATA
- (15, 5X, 4F10.0) (FUEL SIDE)
0 0 0 0 0
i i i i s
H O 0 0 0 0 0 0 0
I II II II IS li I) II 19 il
0 0 0 0 0 0 0 0 0 0
i ii i] ii is n ii ii ii u
D O O O O O O O O O
111 n M is 11 n a 19 ii
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0 0 0 0 0 0 0 0 0 0
I II I] U IS li II II I] SI
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (
I S! SI M SS SI SI SI SS U II II il U IS il II il II II II 1! II II IS II II III
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MOTOR CHARACTERIZATION
DATA INPUT CARD Report No.
1.2.2.17
Electric Motor Data (when required) is input currently .with a single, card. If
additional motor types and characteristics are to be added, the data input will
need to be expanded. When adding variables, take care to insure proper dimen-
sioning is accomplished in the appropriate FDP.
MOTOR INPUT DATA CARD
CARD TYPE
CARD FUNCTION
READ BY
CARD FORMAT
- Gp(n) CARD-1
- MOTOR INPUT DATA
- SUBROUTINE C0MPIL
- (15, 5X, 3F10.0)
0 0 0 0 0
I ! 1 I 5
0 0 0 0
I I I I li
0 0 0 0 0 0 0 0 0 0
I II II II IS II I! II I! Ill
CO
0 0 0 0 0 0 0 0 0 0
I II 11 II IS II II II 11 11
e
fl 0 0 0 0 0 0 0 0 0
li 11 14 IS II II II 11 <1
0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
II II II II IS li II II 19 SI SI V a SI SS Si SI SI S! 10 II tl II II IS !( il II 0 II II I! II 11 IS 1
o o o o o o ojuu-nnro o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o orrfl-e-fl-iujo oo o oo
1 I S 10 II 1! II II IS II II II I! 11 II 11 11 II !S !( !1 II I) 11 II II 11 31 15 II II II 1! 10 II I! II IMS II II II II SI 51 S! 5! S4 SS il SI SI S! [0 El II II M IS II i! II II II II II IJlTlTlMWUl II
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1.2.3 Table Data Cards
The use of semi-permanent table data and the general means of acquiring such data has
been previously discussed in subsection 1.1.2.1, and graphically outlined in Fig.
1.1.2.2. However, the use of an actual example will serve better to illustrate, and
demonstrate, the procedure to be used in setting up tables for the users own specific
applications.
The example chosen is the Electrical Heat Exchanger Heat Transfer Performance
Data for Hydrogen Gas utilized in Data Table 20 of the current program table set.
The data (Ref. 1) is presented in graphic form in Figure 1.2.3-1 and represents a
typical data source obtained from study reports. The heat transfer coefficient as a
function of hydrogen gas mass velocity, over a given range, is given for four pressures.
The data is given for a one inch square section of a specific flow element diagram
which is described in detail in the referenced (Ref. 1) report.
In translating curve data to table data, the limitations of computer data array manipulation
must be kept in mind. Normally, if a computer independent variable is slightly off the
end of a curve, the analyst simply takes a ships curve, or straight-edge and fits the
curve to extend the graphic function. But a computer table look-up program will only
see the first or last value in the curve point data array and (if programmed) states that
the value currently considered is out of range for the table. This problem is avoided
by extending (extrapolation) each curve in the set (both ends) to insure that the resulting
table is adequate for the data range required in the planned analysis. For the example
it was determined that the range for the independent variable (mass velocity) should be
0.1 to 6. 0 Ibs/hr-sq. in. The resulting points taken from the curve are given in the
following table.
85
LOCKHEED MISSILES 8e SPACE COMPANY
LM
SO
A
991396
OHLUO
.
COooCOCO
CDOcnJIencctitd0)0)-pn)reo•H!H•PO0)IACO*,-)0)a
•NI
 l)s-y
0
-yH
m
a
86
L
O
C
K
H
E
E
D
 
M
IS
S
IL
E
S
 
&
 
S
P
A
C
E
 
C
O
M
P
A
N
Y
LMSC-A991396
Table 1.2.3-1
ELECTRICAL HEAT EXCHANGER - HEAT TRANSFER
PERFORMANCE FOR HYDROGEN GAS (REF. FIG. 1.2.3-1)
Mass
Velocity
(Ib/hr-sq. in.)
0.10
0.30
0.50
0.75
1.00
1.50
2.00
3.00
4.00
5.00
6.00
Heat Transfer Coefficient (BTU/Hr-°R-Sq. In.) at:
14.7
(psia)
.27
.70
.96
1.21
1.42
1.75
1.97 ...,-
2.35
2.73
3.09
3.45
100
(psia)
.35
.78
1.10
1.35
1.53
1.85
2.09
2.48
2.87
3.25
3.65
500
(psia)
.45
.88
1.20
1.45
1.65
1.96
2.22
2.61
3.04
3.42
3.82
1000
(psia)
.50
.99
1.30
1.55
1.76
2.08
2.34
2.78
3.22
3.65
4.09
Translation of the data from Table 1.2.3-1 into the table data card format then consists
of assigning the program variable names and values in the order illustrated in
Fig. 1.2.3-2.
Taking the variables as they appear for each of the table cards shown in Figure 1.2.3-2,
the following assignments are made:
Card-1, Title Card
Title = HEATXFER.COEFF.-H2
ND = 3 (Number of variables in table)
NC = 4 (Number of command cards)
IP = (Blank) (Table will not be plotted)
NT = 20 (Table I.D. number)
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TABLE DATA INPUT CARD FORMAT
Figure 1.2.3-2
Model
Report No.
CARD TYPE
CARD FUNCTION
- Gp(d) CARD-1
- TABLE IDENTIFICATION AND CONTROL CARD
TITLE
(1+.A6)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I 7 3 I 5 i I I S II II I? I] II IS II II II 13 it 71 77 7] 71
ND
(16)
0 0 0 0 0 0
75 71 71 71 73 11
NC
(16)
0 0 0 0 0 0
II 17 11 II D 31
IP
(16)
0 0 0 0 0 0
!l 31 1! It II 17
NT
(16)
0 0 0 0 0 0
11 II li li II II
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OO
) 51 il 57 51 SI 55 U 51 51 S! 10 il 17 11 il IS ii II il U II II 17 11 II IS
CARD TYPE
CARD FUNCTION
- Gp(d) CARD-2
- TABLE COMMENT CARD
(13A6,A2)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I 7 1 I i i I I I in li 17 !] U 15 li II II II 10 71 77 71 Jl 75 71 71 71 71 11 II 17 1] II IS li II 31 II II II II II II IS II II It Jl S3 SI 57 51 SI SS Si SI SI S3 il II 17 II il IS ll.il il'il 10 II I! II II I'. II II II II It
CARD TYPE
CARD FUNCTION
- Gp(d) CARD-3
- TABLE SUBSET VARIABLE CARD
' LABV
(3A6)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
] 1 i ( 1 1 9 11 IMI 11 II IS It 11 II IS
NP
(17)
0 0 0 0 0 0
it 71 77 71 71 »
TAB1
(E10.0)
0 0 0 0 0 0 0 0 0 0
II 71 11 7! U 11 17 1! 11 li
TAB2
(E10.0)
0 0 0 0 0 0 0 0 0 0
II II II II II II 17 II II U
TAB_
(E10.0)
00 0 0 0 0 0 0 0 0
II ll'll II it SI a SI 51 55
' TAB^
(E10.0)
D 0 0 0 0 0 0 0 0 0
i( SI SI S3 H il 17 (1 H IS
TABNP
(E10.0)
0 0 0 0 0 0 0 0 0 0
1 ii ii n it n 17 n it is
00 0 0
CARD TYPE
CARD FUNCTION
- , CARD-U
- TABLE DATA PLOT CONTROL CARD
LABX
(3A6)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I I 1 I 5 i 1 I I 10 II 17 II II IS li II II
LABY
(3A6)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 il 71 77 71 71 75 71 71 71 73 II II 17 13 11 l! 31
XMIN
(E12.0)
0 0 0 0 0 0 0 0 0 0 0 0
31 31 JJ tO 41 42 43 41 <S 46 41 J|
XMAX
(E12.0)
0 0 0 0 0 0 0 0 0 0 0 0
1) SO SI S7 SI SI SS Si SI SI S) 10
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
I il II il IS ii il il II 10 II 17 11 II IS II II II"
CARD TYPE
CARD FUNCTION
- Gp(d) CARD-5
- TABLE SUBSET DATA CARD
CARD TYPE
CARD FUNCTION
- G (d) CARD-6
- TABLE DATA CARD (DISCRETE DATA)
XTAB
(E12.0
0 0 0 0 0 0 0 0 0 0 0 0
! 1 1 S i 1 1 ! It II 1!
YTAB
(E12.0)
0 0 0 0 0 0 0 0 0 0 0 0
13 14 IS U It U li VO II 2? 73 21
XTAB
(E12.0)
0 0 0 0 0 0 0 0 0 0 0 0
75 71 71 71 73 It 11 17 11 31 IS 11
YTAB
(E12.0)
0 0 0 0 0 0 0 0 0 0 0 0
II II 3! It 41 41 41 44 « 41 4) U
' 88
XTAB
(E12.0)
0 0 0 0 0 0 0 0 0 0 0 0
II 51 SI 57 51 SI SS St S! SI S! II
YTAB
(E12.0)
0 0 0 0 0 0 0 0 0 0 0 0
II 17 11 M IS ii II II I) It II 17
0 0 0 0 0 0 0
n n is it n ii ii i
LMSC-A991396
Card-2, Command Card
Four Command Cards are used (NC = 4). Three cards contain description
of table and source data reference, while the fourth card is simply used
as a spare card.
Card-3, Table Subset Variable Card
This card contains the names of the third variable in Table 1.2.3-1, the
number of values the variable can take on, and the values themselves.
LABV = Pressure (psia) (Third variable)
NP = 4 (Four pressure values)
TAB-j^ = 14.7 (First value)
TAB2 = 100 (Second value)
TAB3 = 500 (Third value)
. TAB4 = 1000 (Fourth value)
Card-4, Table Plot Control Card
This card is used to enter the X-AXIS and Y-AXIS labels and the X value
minima and maxima for plot output of table data.
LABX = MASS VELOCITY (X variable)
LABY = HEAT TRANS. (Y variable)
COEF.
XMIN = 0.1 (if used)
XMAX = 6.0 (if used)
Card-5, Table Subset Data Card
There will be a subtable of X and Y values for each value that LABV can
assume. Since NP = 4, there will be four subtables arranged in the
increasing order of TAB.. Each subtable will have a Card 5 giving the
number of X, Y sets of points in the subtable, the "type" of data, and the
number of points to be used for interpolation.
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NV = 11
TYPE = 1
NIP = 3
(Eleven sets of X,Y values per table subset)
(Discrete data points from curve)
(Use 3 points for interpolation since curve is
somewhat parabolic)
Card-6, Table Data Card
Use 4 data cards per table-subset, entering three sets of X,Y data per
card with the last card having two sets of X,Y data (NV = 11). Thus, the
first table-subset card starts with Mass Velocity and Heat Transfer
Coefficient values for the 14.7 psia pressure curve.
XTAB-L = 0.10
YTAB1 = 0.27
XTAB2 = 0.30
YTAB2 = 0.70
XTAB3 = 0.50
YTABg = 0.96
The completed Table 20 is illustrated as a card listing in Table 1.2.3-2.
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1.2.4 Use of Program Files and Data Files
In the use of the Math Model Program as an operational analysis tool, it can be quite
inconvenient to have to load the entire program, data tables, and problem deck each
time a run is to be made. It is therefore recommended that the program and data
tables be maintained on stored files in the facility FASTRAND drum or DISC storage.
1.2.4.1 Program File. The Math Model Program as currently structured contains
approximately 16,000 source cards including the thermodynamic properties sub-
programs. The program therefore is usually maintained on a master tape which takes
quite awhile to read into core. It is considerably more convenient to maintain the
program file on FASTRAND Drum or DISC storage and simply call in the file and
copy it for use in a run.
i
For the UNIVAC-1108, the procedure in setting up a mass-storage file and using it
are generally as follows:
Creating a Program File
Assume that the mnemonic TCIMM is used as the program file name, then the file creation
cards are as follows: (A Master Tape and Program File will be created)
@ RUN \
@ LID /
@ DELETE,C
@ DELETE,C
@ ASG.UP
@ ASG.UP
@ PDP.IFL
@ F0R.IS
@ F0R.IS
varies with facility operating procedures
TCIMM TAPE.
TCIMM.
TCIMM TAPE.,T
TCIMM., FD4
CACCUM
ACCRES, ACCRES
ZFIND, ZFIND
(Purges tape name)
(Purges file record)
(Assigns tape requirement)
(Assigns file on DISC)
Source Deck
Cards for
Entire Program
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@ C0PY
@ TIC
@ C0P0UT
@ FREE
@ FREE
@ FIN or @ E0F
(Creates program file)TPF$., TCIMM.
TCIMM., TCIMM TAPE. (Makes tape label)
TCIMM., TCIMM TAPE. (Writes tape)
TCIMM TAPE.
TCIMM.
(Frees tape)
(Frees TCIMM file)
(Ends run)
A run is made and the Program File and Program Master Tape are created and
logged in the Facility Program Library. The user is now protected in the event of a
system crash which causes the loss of the stored program file since the Master Tape
is a backup file.
Using the Program File
The stored Program File (TCIMM.) may be called in for use in the following fashion:
@ RUN
@ LID
@ ASG.A TCIMM.
@ COPY.P TCIMM. .TPF$.
@ FREE TCIMM.
(Reference Figure 1.2.4-1)
(Assigns file)
(Copy file to user free of core)
(Free file to storage)
1.2.4.2 Data Table File. Similarly, for the DATA TABLES which currently require
approximately 1,300 source cards and could reach several thousand cards for newer
systems, it is advisable to maintain a stored file and backup tapes. In this case a
DATA file is preferred for the storage mechanism since file editing can be easily done
from a DEMAND terminal, if the facility is so equipped.
The creation of a data file in the UNTVAC-1108 (EXEC-8) is accomplished as follows:
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Creating a DATA File
Assume TNUMBAG. will be the file name chosen for TABLE DATA DECK.
@ RUN CARD \
> Varies with facility operating procedures
@ LID CARD /
@ DELETE,C TNUMBAG. (Deletes slot file
@ ASG,UP TNUMBAG. ,FO4 (Disc storage)
@ DATA.IL TNUMBAG. (Data processor)
TABLE DATA DECK
FOLLOWED BY
ONE BLANK CARD
—
@ END
@ FIN or @ EOF
A run is made and is listed by the Data Processor. File is now stored on disc or
drum.
Using the Data File
The stored data file (TNUMBAG.) may be called in for use by placing an ASG card just
before the program execution card and an ADD file card after the third card in the
problem data input deck, as follows:
@ ASG,A TNUMBAG.
@ XQT
DATA DECK USER CARD
TITLE Header Card
TABLE ECHO CONTROL CARD
@ ADD TNUMBAG.
SYSTEM DEFINITION CARD
(Rest of data deck)
@ FIN or E0F
(Reference Figure 1.2.4-1)
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/QFIN
/ DATA DECK - INPUT DATA CARDS
/ DATA DECK -SYSTEM DEFINITION
/ ADD.P TNUMBAG.
/ DATA DECK - TABLE ECHO CONTROL
/ DATA DECK - TITLE CARD
/ DATA DECK-USER I. D. CARD
/QXQT TCIMMP
/@ASG,A TNUMBAG.
/®PRT,T
/®MAP,SAI MAP,TCIMMP
PREP TPF$.
/eFREE TCIMM.
/@COPY,P TCIMM. ,TPF$.
/@ASG,A TCIMM.
/SLID
/©RUN
FIG. 1.2.4-1 TCIMM RUN DECK SET UP TO USE PROGRAM
FILE AND DATA TABLE FILE
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1.2.4.3 Input Deck Data File. For the case where a group of analyses are desired for
a given cryogen system and the "run to run" changes in the data deck are relatively
few, it is often advantageous to place the input data deck into a data file and simply
use change cards to alter the file when it is called in. Or, if the facility has a
DEMAND system with terminals, it is possible to use the system EDIT0R processor
and alter the data file prior to calling it in for a run.
The use of change cards to alter the data deck is a simple procedure however, and the
original Input Deck Data file can be preserved for repeated use simply by creating a
temporary file containing the changes. Assume the nemonic ACPSDATA. to be the
file name for the ACPS Data Input Deck file. It is desired to change the value of NPRT2
to zero to suppress all table output on the TABLE ECHO CONTROL CARD. This
requires a zero in column 20 of the card. The new file will be temporary for one run
only and for this purpose use TACPS DATA, on the temporary file name.
The procedure and deck setup to be used, follows:
(a) Before the run XQT card, insert these cards:
@ASG,A ACPSDATA.
@ASG,T TACPSDATA.
@ DATA, L ACPSDATA. , TACPSDATA.
-3,3
10 1 0
(b) After the XQT card, and in place of a data input deck, insert this card:
@ADD,P TACPSDATA.
The program will now run using the temporary TACPSDATA. file, and, will list
TACPSDATA. as a record of the temporary input data used in the run. The temporary
file vanishes and the original unchanged file is still available for use.
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1.2.5 Sample Input Data Deck Listing
As an aid in following the information presented in subsections 1.2.1 through 1.2.4,
a listing of a typical Math Model data input deck is provided. The listing presented
is the Attitude Control Propulsion System test problem which will be discussed in
depth in Section 2.0 of this manual. Table 1.2.5-1 contains the complete test
problem data input deck.
1.2.6 Data Table Deck List
The Data Tables currently employed in the program were set up to permit development
and checkout of the subprograms required for the basic five types of system analysis.
It, therefore, must be recognized that for systems which are more advanced, new data
tables will probably be required. Direct substitution of tables is easily accomplished
provided the table contains the same number of variables, arranged in the same order
as used in the original table.
As an aid to future users of the program, a complete listing is presented of the current
table to illustrate the diversity of table forms accommodated by the Math Model.
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TABLE 1.2.5-1
ACPS INPUT DATA DECK LISTING
USERS NAME 6213 104 30235
ACPS - TEST DEMONSTRATION PROBLEM
10 1 1
TNUHbAG,
SUbCHITlCAL LAST CARD
GAS
ENGINE
LINE
Tec
LINE
TAP
LINE
V A L V E
LINE
VALVE
LINE
IA»
LINE
Nflj
LINE
A C L' U M
LINE
h£X
LINE
VALVE
LINE
PljMp
LINE
VALVE
LINE
T A^
LINE
TANK
GAS
ENGINE
LINE
Tgt
LINE
TA?
LINE
VALVE
LINE
V A L V C
LINE
T Af
LINE
HfG
LINE
AC CUM
LINE
HEX
G4S
LINE
LINE
i i
0 1
10 2
21
10
31
10
31
10
2l
10
31
10
32
10
0
10
1
1
10
31
10
21
10
21
10
31
10
0
2
0
10
21
10
31
10
31
10
21
10
31
10
32
10
0
10
1?.
10
31
10
0
i 0
1 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1 0
1 0
2
1 0
I 0
1 0
1.0095 110.
1.0095126.3
1.0095150.0
1.0Q95 10.5
1.0095 24,0
1.0095 10. 5
1.0095 12.0
1.0095135.0
1.0Q95 «0.0
1.0095 10.5
1.0095 20.0
1.0095336.8
1.0095 30.0
1
1.0095 2«.0
1
1.0190 12.0
1.0180
1.0180 12.0
1
1.0180160,0
1.0150 6.<>7
1.0150 i 2 . 0
1.0150 6.67
1.0150 2^«0
2
,011 110.
.011 109,
,011 ISO.
.011 9.
,011 24.
.011 9.
1 .011 12.
1 .011 86.
1 .011 40.
1 .011 9.
1 .011 20.
1 .011336.4
1 .011 30.
1
1 .011 24.
1
1 .011 12.
1 .011 9.
1 .Oil 12.
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
1.0
1.0
1.5
2.5
2.5
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.50
l.SO
1.50
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
.5 30.
.5 30,
.5 i0.
• 5 30.
.5 30.
.5 30.
.5 30.
2.0 30,
.5 30 ,
5 ^•*0 .
.5 30 ,
.5 30.
.5 30.
.5 30.
2.0 30.
2.0 30,
.2.0 30.
2.0 30,
2.0 30.
2.0 30.
2.0 30.
2.0 30.
2.0 30.
2.0 30,
2.0 30,
2.0 30.
02-VAP
ENGl
LN01
FTOl
LN02
FT02
LN03
IV01
LN04
CV02
LN05
FT 03
LN06
PN01
LN07
AC01
LN08
HX01
02-LIQ
LN09
CV01
LMO
HPOi
LN11
SVU1
LN12
FT04
LM3
TK01
H2-VAP
ENGl
LN21
FT21
LN22
FT22
LN23
IV02
LN24
CV04
LN25
FT23
LN26
PR02
LN27
AC02
LN28
HX03
H2-LIO
LN29
CV03
LN30
CONFIG 1
CONFIG 2
CONFIG 3
CONFIG 4
CONFIG .5
CUM-IG 6
-CONFIG 7
CONFIG 8
CONFIG 9
CONFIG10
CONFIG1 1
CUNF1G12
CONFIG13
CONFIGU
CONHG15
CUNI-1G16
COMFIG17
CONF1G18
CONFIG1S
CUNFIG20
CONFIG21
CONe IG22
CONF IG23
CONF1G24
CUNFIG25
COM-IG26
CONF IG27
CUNFIG28
CONF IG29
COM-1G30
CONFIG31
CONFIG32
CONHG33
CONFIG34
C0^^ IG35
CONF1G36
CONFIG37
CONFIG38
CONHG39
CONFIGOO
CONKIG41
CONFIG42
CONFIG43
CUNFIG44
CONFIG45
CONF1G16
CONF 1G<4 /
CONFIU48
CGNFIG49
COMF1G50
CONFIGS1
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TABLE 1.
ACPS INPUT DATA DECK LISTING (CONTD)
PU"P 21
CINE 10
VALVE 21
LINE 10
TAP 3i
LINE 10
TiNK 0
feN°
4. 56
6.1b
3,58
39.80
7.«3
3,b8
66.10
32. 30
10 '4. 10
31.^0
16.16 <
100.00
1
1
1
11
1
1
540,
79/5.
2094,
b36,
2061,
bV3,
536.
M4,
56B,
18/6,
) r 1 0 4 O •
9564.
-1.
0
0
0
0
0
0
0
1
I
1
1 .018 i20. 2.0
1 .018 5.6
1 .018 12. 2.0
1 .018 5.6
1 .018 24. 2.0
350. 400
1
165.
3.
2
16.
5.066
.9
.9
.9
.9
.9
,9
.9
.9
.9
.9
.9
.9
I75o.
2
170,
4
4
4
4
.2.0
.2.0
2.0
2.0
30.
3n.
30,
HP02
LN31
SV02
LN32
FTH4
LN33
TK02
26.7
, 40.
31.7 .2
4.
2.
CONFI652
CONFIGS3
CONFIG54
CONF1G55
CONHG56
CQNF1G57
CONFIUS8
tNDCFG59
OCYL01
DCYL02
OCYLOJ
DCYL04
PCYL05
UCYL06
DCYL07
OCYL08
OCYU09
OCYL10
DCYL11
OCYL12
ENCINPUT
ENGINt
8MAL.TH.02
1
37.
3.
2
16,
5.
2
40. 19.1 24.1 2.
SHAU.TK.H2
4
350.
1 4
350.
1
2000. 1100.
2000. 1029,
1
.36
.52
.54
£000.
2000.
2.5
72.5
1/3. 350. 245. 215. 2030, 2000. 30.
42. 3bO. 500. 470. 2010. 2000. JO.
2.05
5.20
30.
10.
•500.
500,
1.
1.
8.7
1,1
2000.
2000.
1.0
1.0
2000Q.
7000Q.
2023.
2023.
1160.
1160.
2060.
2060.
.891
2bO.
500.
245.
500.
IWOP I 1
ACCUM-02
ACCUM-02
ACCUM-H2
ACCUM-H2
NUHHEX
HX01 1
HX03 1
PUMPl
PUMP2
TRHU^P 2
TUR8K 1
TUKBN 2
NUHH80
MSOKC 1
HSOKC 2
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1.2.6.1 LISTING OF DATA TABLES
DATA TABLE -1
KCS-THRUSIER WEIGHT 4 5
IIIOH PKEiSURE APS THKUSTgR
KEliEN. SLOT TYPE CU. CHAMBER
UUAD fitUUIJL'ANT VALVESt RAD. NOZZLE
1
EXPANSION RATIO SET TO 40 FOR THIS DEMONSTRATION TABLE
Tu = TF (K) 2 200. 500.
PC ( P S I A ) 3 100. 300.
THRUST (LB-F) TCA WEIGHT (LB.M)
H 1 2
100. 19.1 100. 29.
1000. S4. ISOO. 70.
600U.O R34.0 inOOO.O 47S.O
8 1 2
100. IS. 9 300, 20,9
IUOU. 33. S ISOO. 41.
hoou.o 118,0 loooo.o 218.0
H 1 2
100. " IS , 300, 18.9
lUOU. 28.2 ISOO. 33.9
600U.O 8|.0 10000.0 131.0
8 | ' 2
100. I9,| 300, 29.
iOOU. 54. ISOO. 70.
600U.O 234,0 10000.0 47S.O
8 1 2
100. " IS , 9 300. 20.9
IOOU, 33.5 ISOO. 41.
6uou.o 118,0 innoo.o 218.0
8 1 2
100. IS. 300, 18.9
IOOU. 28.2 ISOO. 33.9
600U.O 81.0 10000.0 131.0
DATA TABLE -2
K<-S-VAC. bP. IMPULSE 1 H
FUCiH PftEbSORF APS THRUSTFR
soo.
600.
3000.
600.
3000.
600.
3000.
600.
3000.
600.
3000.
600.
3000.
2
40.3
118.
26.8
64.
23.1
49.8
40.3
118.
26.8
64.
23.1
49.8
THtORETICAL PERFORMANCE FOR GASEOUS HYDROGEN/GASEOUS OXYGEN
EXPANSION HAT 10 SET TO 40 FOR THIS DEMONSTRATION TABLE
PROHEL1.AN1 TF.HP, 3 100, 2">0.
MIXIUHK RATIO (0/F) ISP (LBF-SEC/LBM)
9 1 3
1. 360, I.S 392.
iiiS 43S.S 3. 44S.S
4i 4S4, S. 4SS.
" 9 1 3
1. 398. I.S 42S.
a;s 4si; 3, 4S7.s
4i 463. S S. 463. S
9 1 " 3
1. 42<5, I.S 447.
aiS 467. 3. 472.
4. 474i S. 470. S
540.
2.
3.5
7.
2.
3.5
7.
2.
!.->
7.
me.
451.
442.
441.5
461.5
448.
459.
474.
452.
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DATA TABLE -3
sPEt.HT/Lb OF G2 REMOVED 3 M 3
SPECIFIC HfAT PER LB. OF 02 WITHDRAWN
(SHLC. HEAT) VS (DENSITY) AT A GIVEN PRESSURE
UENSITY = F <PCT.V:iTHDRAHN,PF/<ZF*TF))
PRESSUKE (PSIA)
PLOT LAbEL
700. 1000. ISOO. 2000. 3000.
23
2.0S6
2.SVO
3.527
S.OV7in.
25 ;
40.
60.
20
2.9|7
3.704
S.OS8
in.
2S.
40.
6(1.
17
4.312
7.047
10. a is
as.
MO:
60.
17 "
S.6S7
U.I 40
12.662
25.MO;
60.
IS
8. IBS| 2.fl 1 8
20.
3S.
sn;
1 3
23S.88
179. M7
126.64
8S.38
MM.
28.8
47. S
1 IS.
1 3
' 23S.2M
172.64
I2M.7S
60.
37.9
S3.S
1 |9iS
1 3
' 233.81
132.88
90. 6S
SI.
62.2
121.7
1 3
' 232.12
IS?.. 18
97.93
64.7
70.9
126.
1 3
' 228, SI
139, MO
99.
82.
107.4
2.2MI
2.RII
M.OS9
7.168
IS.
30.
MS.
70.126
3.109
M.2SM
7.041
IS.
30.
MS.
70.126
5.061
3.113
IM.772
3n,
MS,
70.126
6.C1M6
9.022
IS. 476
3fl.
MS,
70.126
9.20S
IM.MS7
2S.
MO.
60.
212. 9M
163. 2M
108.76
59. fl|
33.7
31.5
59. S
I6M.
217.76
151,02
87.87
MS. 8
39.6
64.9
166.9
192.89
114.61
64.65
Sl.l
72.5
170.
214. IM
136.45
82,05
63.2
79.9
174.
198. 4M
126.25
86.1
86.9
137.7
2.M02
-3.285
M.567
8. 578
JO.
35.eo.
3.MI2
4.f7|
9.068
?0,
35.
so.
5.967
9.IM3
I9.8SM
>s.
so.
7.022
10.150
19. f 17
35.
so.
I0.2MO
I6.SS3
30.
MS.
70.126
196. OM
163.24
95.90
50.10
29.1
38.
75.
194.90
129.96
67.80
39. S
44. ft
80.
159.50
101. MS
53.02
55.
8S.7
179. SO
121.05
68.68
65.3
90.8
175.72
113. M2
fll.S
9S.6(no. 8
DATA TABLE -4
SPfcC,HT/Lb OF H2 REMOVED 3 M M
SPECIFIC HEAT PER LB. OF H2 WITHDRAWN
(Sh-EC. HEAT) VS (DENSITY) AT A GIVEN PRESSURE
DENSITY = F(PCT,WITHpRAWNfPF/UF*TF))
(PSjA) 300. SOO. 700. 1000. ISOO.
PLOT LAHF.L
IS
.2IM
.40'
.5
2,
3.1)
IS'
.218
.73"
.86
2 ?
1 3
999. Ml
362. '
' 27M.
1 1 1.
192:
1 3 "
' 1589.88
370.
293.
162;
.313
.43
t.
2,5
4,0
• M20
.76
1.
2.5
56S.5I
326.
151.
124.
238.
786.88
340.
2.M5.
164.
.'.83
• Mf.
US
"•'.0
M.365
.642
.80
us
3.0
4(4.05
296.
119.
153.
272.
410.93
316.
183.
IRS.
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3.5
17
.213
.532
.98
1.19
2.S
4.0
16
.203
,Rd 1
1.36
I.S5
3.u
4.365
18
.254
.BIS
1 .MUO
1.95
2. 18
3iS
217.
1 1
' 2158,33
901,90
376.
313.
2C2.
2c2.
1 3
' 3208,73
798,49
390."
" 341.
265.
342.
1 3
" 3654,70
1285.33
"647.35
422.
391.
347i5
4.0
.118
.647
1.01
1.5
3.0
4.165
.408
1.02
1.40
2,0
3.5
.415
1.021
1.721
2.00
2,5
4,0
258.
1542.80
674.17
160.
256.
217.
312.
1683.98
571.99
378.
283.5
284.
2264.82
984.78
505.19
414.
363.
369.
4.165
.421
.809
1.10
2.0
1.5
.5'»5
1.27
1.50
2.5
4.0
.614
1.244
1.876
2.05
1.0
4.165
2*2.
1194.40
412.82
148.
208.5
245.
I209.78
425.11
152.
261.5
115.
1642.97
755.41
455.42
408.
344.5
393.
DATA TABLE -5
TEMP. /LB. OF 02 REMOVED 34 5
' lEMPtRATURK (DflG-R) PER LB. OF 02 WITHDRAWN
(TLIIK,) VS (DENSITY) AT A GIVEN PRESSURE
DENSITY = F(PCT.WITHDRAHNfPF/UF)TF))
(PSIA 700. 1000. 1500, 2000. 3000.
PLOT LAbl
21
2.0S6
2. 590
3.5i7
5.097
1 U.2u9
iS.
SI. 605
18
2.917
3.784
S.OS6
lo.nuo
«:6.9ti9
SI .612
1 «> "
4.312
7.047
10.235
^5.2B8
S 1 . 137
IS
5.6S7
8. 140
12.662
26.1 17
SO. 769
12
8. Ib5
I2.8|8
20.909
SI. 263
1 1
1000,
8dO,
600.
440.
300.
276.19
255.
1 3
' 1000,
780,
6QO,
370.
295.
260.i i
1000,
640.
480.
130.
270.
1 3
' 1000.
"720.
510,
360.
280.
1 3
' 1000.
680.
480.
295.
2.241
2.8) 1
4.059
7.|68
14.492
16.171
60.023
1.109
4.254
7.nm
14.702
14.160
60.710
5.061
8.113
14.772
34.878
60.725
6.046
9.P22
15.476
',4.9|4
60.741
9.205
14.459
11.119
60.791
920.
740.
530.
350.
280.
276.19
225.
940.
700.
460.
320.
290.
225.
860.
570.
390.
110.
230.
940.
660.
450.
330.
235.
900.
620.
190,
245.
2.402
3.2H5
4.5(17
8.578
18.617
44.145
72.252
1.412
4.871
9.069
2I.7M9
42.970
72.510
5.967
9.141
19.854
42.291
72.926
7.022
10. 150
19.617
45.034
72.559
10.240
16.551
41.114
72.618
860.
640.
480.
120.
276.19
270.
160.
860.
620.
190.
100.
280.
160.
740.
520.
150.
295.
160.
820.
600.
400.
ion.
165.
820.
560.
140.
170.
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DATA TABLE -6
TEMP. /LB. OF H2 REMOVED 34 6
'" lEMPtRATURE (PEG-R) PER LB. OF H2 WITHDRAWN
(TtllH) MS (DF.NSITY) AT A GIVEN PRESSURE
UENSITY = F(PCT.WITHDRAWN,PF/UF*TF))
HRESSUhE (pSIA)
PLOT LAbEL
100. 500. 700, 1000. ISOO.
17 I 3
.214 ' 260.0
.40' |48.
.50 (15.
1.25 " 73.
2.5 64.3
4. 51.
16 | 3
.218 420.0
.73 130.
.as 120.
1.5 67.5
3. 68.3
4.365 48.5
18 | 3
.213 ' 600.0
.532 240.0
.98 132.
1.2 119.
2.0 90.5
3.5 66.S
16 | 3
.?.U3 ' 900,0
.B2I 220.0
1.36 140.5
1.5* ' 129.
3. 84.1
4.365 55.5
18 1 3 "
.254 ' MOO.
.fl|5 320,
I.4UO 190,
1.95 (43.0
2.|b ' 130.
3.5 66. 9
DATA TABLE -7
RR/ VS ^G(i,M/R»PAI'BiPCHP
HEFEKENCE REACTANT FLOW
( R R ) VS (PCT.I!P.) AT A
pRES>. GAS GEN PSIA 3
MlXIURK. HftTIO 2
AMBIENT PHESSl'RE 2
KLOI RRI
2 ' I 2
0. " 0.
2 1 2
0, 1.23
2 | ,2
0. 0.
2 1 2
0, ' 3.00
2 1 2
(I, ' 0.
2 1 2
0, ' .84
.313
.43
.75
I.S
3,
180.0
130.
89.
69.8
62.
.3*3
.46
1.00
2.
3.5
150.0
124.
78.5
66.
5fl.
4.365 43.5
.420
.76
1.
2,
3.5
.318
.647
1.03
1.25
2.5
H,
.408
1.02
1.40
2,
3.5
.415
1.023
1.723
2.0
2,5
4.0
5
AT T.I
GIVEN
300.
,5
0.
100.
|00.
100,
100,
100,
too,
220.0
127.
107.8
79.
62.3
400.0
200.0
128.5
1 16.
60.8
SB.
440.0
180.0
138,0
108.
74.4
650.0
250.0
160.
139.0
117.
73.9
3
,T.= 2060 DEG
(PRES.OF G G ) » I
600.
t.o
14.7
7.52
8.57
9.60
10.47
6.53
7.13
.642
.80
1.25
2.5
4.0
.423
.099
1.10
1.5
3.0
4.365
.559
1.27
1,50
2.5
4.
.614
1.244
1.876
2,05
3.
4.365
7
R.
[HlX.RATnMF
900,
150.0
123.5
95.5
73.3
54.7
300.0
150,0
123.0
104.8
74.2
51.
320,0
150,0
131.0 '
94.4
61.9
425,0
215.0
150.0
137.0
10 I .
65.
'•A'IBIENT
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2 1 2
0. ' 0. 100,
2 1 2
0. ' .780 100,
2 1 2
0. 0. 100,
2 1 2
0, ' .762 100,
2 1 2
0. 0. 100,
2 1 2
0. " ,B| 100,
DATA TABLE -8
KK VS PGG.M/R,PAIin.PCHP S 4
< H M ) MCFERKNCE RfACTANT AT T.I.T.
8.58
9.10
6.42
6.65
8.45
8.70
8
• 2060 DEC R
KK — CuflVrf.SIOri FACTOR FOR REFERENCE HEACTANT RR
( K K ) Vb (PCT.Iir.) AT A GIVEN (PRES
KHES. GAS Gtf! PSIA 1 100.
njxiuHf; RATIO ?. K
At lB l f cNT PhrSSUP.t 2 0.
KLO 1 K 1
f. \ z
11. " 1,078 100,
2 1 .2
". 1.017 100,
2 1 2
0. ' |.06«! 100,
2 1 2
0. " I.OTi 100,
2 1 2
0. " 1.087 100,
2 1 2
0. ' 1.05 100,
2 1 2
U. " 1.067 100.
2 1 2
0. " ( .044 100,
2 1 2
0. ' 1.09 100,
2 1 2
n. " 1.052 too.
2 1 2
0. ' I.U6B 100.
2 1 2
0. ' 1.047 100.
DATA TABLE -9
OMs fcNf.INt WEIGHT 1 4
AouoATic WALL ENGINE
EXPAMblON RATIO FIXkD AT 40.
RtFERtNCE - AEROJET PARAMETRIC DATA
PC (PSlo) 1 100. 250
THRUST (Lb-FJ EHG.WGT, (LB-M)
6 1 2
2UO. ' 13,0 1500.
45UO. 112.0 6000.
A 1 2
2uO. " 6.0 1500.
45UU. 52.5 6000.
' 6 1 2
2UO. ' 4.6 I5CO.
45UO. 14,0 6000.
OF GO), (MIX, RATIO),
600. 900.
1.0
14.7
1.078
1.069
1.062
1.055
1.087
1.082
1.067
1.064
1.09
1.088
1.068
1.068
9
FOR LIQUID BIPROP,
500.
42.5 1000.
147.0 8000.
21.4 1000.
67.8 flOfTO.
14.6 1000.
41.7 Bonn.
(P-AMBIEHT)
ENGINES. 6-2-64
77.5
186.5
16.8
88.5
21.0
57.0
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DATA TABLE-10
Ofls VAC. bP. II1FULSE 1 H 10
PUnP FtD EflGICE
CXPAMSION RATIO FIXED AT HO.
PEhF.HF.NCt - AEROJET PARAMETRIC DATA FOR LIQUID BIPROP. ENGINES.6-2-69,
PC (PSIA) 1 100. 250. 500.
H1XIUHK RATIO(0/F)ISP(LBF-SEC/LBM)
" 1 I ' 1
1.0 290.0 1.2 296.2 l.t 100.4
1.6 100.5 I.fi 296,5 2.0 296.0
2.?. 292,0 2.4 287.5 2.ft 2fl2.5
«» I 1
l.n 291,5 1.2 102,0 I.H 108.0
I.ft 169,7 I.A 110,5 2.0 ion.5
2.2 106.0 2.4 101.2 2.ft 29Q.5
9 I 1
1.0 ' 297,0 1.2 106.5 l.«* 112.»
1.6 116,5 l.fi 118,0 2.0 116.5
2.2 115.B 2.H 110,8 2.ft 114.1
DATA TABLE -11
W E X H O f G A S FLOi; - L 0 2 5 8 ( I
HEAT EXCHANGER LOT GAS FLOW TO PROVIDE CONDITIONED OXVGF.M . HIGH PRESSURESCALtD FROM AEHOJET PRESENTATION DATA OF 1/10/70
HOT GAS SIDE COLD GAS SIDE
TIN 2000 R 175 R
TOUT 700 R AS SHOWN
PIN 150-250 PSIA PARAMETER
PIN COI.O (PSIA) 4 2^ 0.
 4S0. 650. 1200.
TOUT HOT IP) 2 500. 1000.
TOUt COLD (ft) 1 200. 100. 400.
C02 FLOW (L6/SEC) G.G. FLOW (LB/SEC) 0. 14.
2 0 '
.oo-svaa o.
" 2 0 "
.04U 0.
2 0 '
.086428 0.
2 0 '
.OOS928 '0.
2
 9 "
,04tt 0.
2
 9
.U6642B 0.
2 0 '
0.
9 '0.
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2
,t'8lBS72
.OOS6IH
2
.OM'iMZB
?.
.08IHS7
Z
.oosi m
?.
. om4*8
a
.074S7I
;>
.DOM m
2
.041428
?.
. 074571
a
.001714
" 2
.030142
2
.CS4I42
a
.00*714
2
.030142
2
.054142
0
o.
0 '
0.
0 "
0.
0
0.
0
0.
0 "
0,
0
0.
0
'0.
0
'0.
0
0.
0 "
0.
0
0,
0 "
0.
0
0.
0
0.
0
'0.
DATA TABLE -12
H£X HOT GAS FLOW • LH2 58 12
HEA1 EXCHANGER HOT GAS FLOW To PROVIDE CONDITIONED HYDROGEN - HIGH PRESSURE
SCALtD FROM AEROJET PRESENTATION DATA OF 1/30/70
HOT GAS SIDE . COLD GAS SlDE
TIN 2000 R SO R
TOUT 700 R AS SHOWN
PIN I50t2n0 PSIA ' 2SO»450 - 1200 PSIA
PIN C01.U (PSIA) 2 100. 1000.
ToUV HOT (R) 2 "ion. 1000.
TOUt COLD (R) 1 200. 100. 400.
LH2 FLOW (LB/SEC) G.G. FLOW (LB/SEC) 0. IN.
2 0
.2SS7I4 0.
2 0
0.
0
0.
" 2 0 "
.25*>7m 0,
2 0
0.
0
0.
0 "
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.2SS7I4
2
.m 1428
2
.S9Y28S
2
.2S-J7I4
2
.in 1428
2
.S9V2BS
0.
0
0.
0 "
0.
0 '
o.
0 "
0.
c
0.
DATA TABLE -13
O A S OENtRATOR WEIGHT 4 7 I I
GAS GENERATOR ASSEMBLY WEIGHT AS A FUNCTION OF GAS GENERATOR FLOW RATE
GAS GENERATOR ASSEMBLY WEIGHT CONSIDERS -
i. BIPROPELLANT POPPET VALVES AND ACTUATORS WITH IGNITER
' ASSEHBLY AND EXCITER BOX AND CABLE.
2. MIXTURE HATlO OF I.I AND FUEL INLET TEMPERATURE OF 3SO R.
TOUT (H) 2 1000. 3000.
PC (PblA) S 100. 200. 2SO.O 100.0 500.
G.G. FLOW (LB/SEC)G.G.A. WEIGHT (LB)
0
9
U
S
9
U
S
9
U
S
9
U
S
9
U
S
9
U
S
9
U
S
9
U
S
9
9
»
.U
9
,
,
;o
9
,
i
.0
9
,
i
.0
9
.j
.0
9
t
fl
.0
9
.
i
.0
9
,
',
.0
9
,
ijo
1 3
"IS.
46.1
117.
1
'IS
36
73
1
"IS
30
64
1 '
"IS
27
ss
1
" IS
24
42
1
"IS
46
" 3
,
.1
,5
•3
,
.7
.0
3
,
.4
.S
3
t
.3
.S
3
.
.1
117.
1
"IS
36
73
1
"IS
30
64
1
' IS
27
SS
3
,
.1
.S
3
,
.7
.0
3
.
.4
.S
2
6
1
2
6
1
2
6
1
2
6
I
2
6
1
2
6
1
2
A
1
2
6
1
2
6
1
•
i.o
t
•
1.0
•
•
1,0
.
,
1.0
•
1
1.0
.
,
'•o
•
t
1.0
•
•
1.0
.
.
1.0
26.
S8.
161
22.
42.
98.
20.
37.
84.
19.
32.
72.
17.
28.
S3.
26.
SB.
161
22.
42.
98.
20.
37.
84.
19.
32.
72.
6
4
8
4.
7.
12.
4
7•
•
12,
1
0
1
3
0
6
0
6
t
4
8
4
7
•
•
12.
4
7•
•12.
4
7•
•12.
4
7
1
4
7
•
•
2.
•
38.
78.
179
30.
S4.
no
26.
47.
9S.
24,
40.
81.
21.
33,
S8.
38.
78.
2
•
9
9
,
S
6
0
2
0
6
4
S
2
179.
30.9
•54.9
12.
1
0
1
3
0
4
7
1
4
7
1
•
•
2.
• .
•2.
no
26,
47,
95.
24.
40.
81.
•
S
6
0
2
0
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9 1 1
V. IS. 8.
S 24.7 6.
9.0 42. S ||. 0
DATA TABLE -14
17.6
£0.
S1.0
4.
?t
12.
LU«I THALER PUDP WEIGHT S B 14
***** NOTE *****
THU OATA IS AH APPROXIMATION
MFKIKfiCV £60 •
fiPSM (Pill J»n.
Ht-AO RJbfc (PSl) ,?S.
Lo2 Ft.r.H (Lfa/SEC) PUfiH WRIGHT
h 1 1
U S. S.
20. S6, 30.
6 1 1
0. S. S.
20. 122. 30.
6 1 3
U "S. S.
20. S6. 30.
6 1 1
0. '5. S,
20. 122. 30.
6 1 1
0 "S. S.
20. S6, 30.
6 1 1
0. "S. S.
20. 122. 30.
6 1 " 1
U "S. S.
20. 56. 30.
6 1 " 3
0. "5. S.
20. 122. 30.
DATA TABLE -15
LH2 TRANS* F.R PUliP WEIGHT
ONLY ANO WILL
ao.
i.
so.
(LBJ
IS.
1 10.
24.
260.
IS.
1 10.
24.
260.
IS.
t 10.
24.
260.
IS.
1 10.
24.
260.
S 2
BE REPLACIO
10.
70.
10.
70.
10.
70.
10.
70.
10.
70.
10.
70.
10.
70.
10.
70.
!•»
***** NOTE *****THIS DATA IS AN APPHOXIMATION
tFRcmiCY 2 60.
NKSM (PiJ) 2 o.
HtAU RIi.E (PSI) 2 s.
LII2 FLOW (I.B/SEC) PUfiP WEIGHT
f t 1 3
". 5. 5.
!*• 19.4 20.
7 ( 3
0. "S. S.
'*>• 33.2 30.
SO.U ISO.O
6 | 1
u. 'S. S.
'*>• 19.4 20.
" 7 1 1
u. 's. s.
I1?. 33.2 20.
•iO.U ISO.O
6 1 1
U. "S. S.
ONLY AND rtILL
BO.
3.
50.
(LBJ
9.
26.9
14,
47,
9.
26,9
14.
47.
9.
BE REPLACED
10.
SO.
10.
30.
10.
SO.
10.
30.
10.
II.«im
SB.1)
25.
"»00.
47.
2300.
2S.
900.
47.
2100.
2S.
900.
47.
2100.
2S.
900.
47.
2300.
13.6
120.
23.
80.2S
13.6
120.
23.
80.2S
13.6
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IS.
u.
IS.
sb.u
u.
15.
0.
IS.
so.u
7
6
7
19. M
1 1
•5.
33.2
150,0
1 3
5.
19.4
1 3
•5.
33.2
Kn . n
20.
5.
20.
S.
20.
5.
20.
26.9
14.
47.
9.
26.9
14.
47.
SO.
10.
30.
10.
SO.
10.
30.
120.
23.
80.25
13. 8
120.
23.
80.25
DATA TABLE -16
MOTOR WEI OUT 8 16
MOTE - BRUSIILESS D-C MOTOR WEIGHT INCLUDESELF.C.TKONICS (FIXED SIZE FOR EACH POWER LEVEL)
ROTOR
STATOR
BEARU'.GS
SHArT
HOUSINGS
HORSEPOWEN 51. 5 .
SHAFT SPEt[> (RPH) MOTOR WRIGHT (LB)
1 0 1 6
25. 100. 200,
2.0
16. u
30. U
100.0
12
2.0
10.0
30.0
60.0
9
2.
IS.
40.
9
2.
IS.
HO.
9
2.
IS.
40.
+0311.8
+035^28
+034^39
+034.20
i " 3
+0334.2
+032S.I •
+0322.9
+ f>3<?2.0
1 6
+031! 1.
+039! .
+0388.
1 4
+03289.
+032S2.25
+03250,
i 5
+03502,
+03435,5
+H3432.
5,0
15.0
40.0
s.o
15.0
40.0
fin.o
5.
20.
50.
5.
20.
50.
S.
20.
SO.
+038.5
+034.8
+034.25
+0327.6
+0324.0
+0322.4
+0322.0
+0399. S
+0390.
+0388.
+03265.
+03250.7
+03250.
+03462.
+03434.
+03432.
7.5
20.0
50.0
7.5
20.0
50.0
100.0
10.
30.
100.
10.
30.
100.
10.
30.
100.
+035.78
+034.58
+034.20
+0326.05
+0323.5
+0322.)
+0322.0
+0394.
+03B8.65
+0388.
+03255.7
+03250.
+03250,
+03440.
+03433.
+03432.
DATA TABLE -17
VAC.JAC.D1A.Vs.WEIGHT 2 3 1 7
VACUUM JACKET WEIGHT AS A FUNCTION OF VACUUM JACKET DIAMETER FOR
ALUMINUM HONEYCOMB. RfeF. LMSC A98I608.
OIAHETF.H (INCHES) HEIGHT (LBS)
IS j 3
l-j.9 " .396 24.0
36.0 ,350 42.0
6U.O .MOO 72.0
96.0 .520 106.0
I3<!.(l .660 144.0
.365
.360
.436
.568
.715
30.0
48.0
84.0
120.0
156.0
.355
.370
.478
.618
.762
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DATA TABLE -18
PMI - HYDHOGEN 3 H IB
ENEKGY DERIVATIVE (PSIA-CU.FT./BTU) FOR HYDROGEN
(PHI) VS (oEKSTY) AT A GIVEN PRESSURE
(DENSITY) = F(PCf.FLUID HlTHDRAnNfPF/MZF*TF))
KKESSUHt: (pS lA) 5 200.
RHO (LH/CU-FT) PHKPSIA-CUFT/BTU)
IS I
.llfiU97
.2 1.1V
.51
i«29v
4.1107
IS |
• Ofl«J5b
.<?3u4
.7MJ
dt 321*
4.tl8h
IS I
.U743 '
.20 J8
.45U9
«!.3077j.9fc'jo
IS I
.0743
« 2 0 V O
.4517
1.8787
1.9463
IS |
.0743 '
.2R7H
.4X70
1 .96H8
4.0147
3
2.028
2.494
3.90V
3.971
9.ii9l
3
2.168
1.399
3. 90S
5.29}
9.616
3
2.1222. mi
2.099
5.511
9.117
3
2.035
2.201
1.971
4.952
8.944
3
1.931
2.213
2.088
4.943
9.010
.09797
.311
• Br,6
1.0R8
4.305
. 1 ?13
.476
1.061
3.100
4. 349
.1232
.26 I 1
.9248
3.098
4.231
.0988
.260
.7367
3.1546
4.1991
.0927
.2789
.7493
3 . 1 9 ( 2
4.2447
400.
1.921
3.415
H.OI7
6.610
1 0.1480
2. 149
2.933
4.271
6.817
I0.4.8M
2. IBO
2.033
3.740
6.878
9.943
2.129
2.174
2.519
7.010
9.696
2.040
2.215
2.219
7.044
9.69|
600. BOO. 1
.1434
.Ifll
1.111
I.Sfl*
4.466
. 1605
.5flfl
1.403
3.467
4.498
. I57f,
.3221
1 . J9 | o
3.517
4.459
. 1634
.3024
1.1751
3.657J!
4.421
.IB3J!
.3466
I.027H
3.7605
4.4517
1*9(2
1.701
1.909
A.I 16
II. OCR
2.053
3.425
4.522
7.779
11.040
2.184
1.945
4.479
7.B79
10.716
2.193
2.123
3.B32
8.163
10.420
2.197
2.175
2.9|9
8.332
10.363
000.
DATA TABLE -19
Of N2 VS RHO K(P) 3 S 19
TtMPF.KAIURE OF 1-iITP.OGEN AS A FUNCTION OF DENSITY AND PRESSURE.
f VS RMO AT GIVF.N PRESSURE
RtF - ThFKtlO. PROPS. OF 0?. AND M2 - PART | (N2), STEWART, JACOBSEN.MYERSi
DATED 7-3|-72t UNIV. OF IDAHO, HAS9-I2078 FINAL RflPT.
1000,PHESSURt
HHO (LR/CU-FT) TEIIP
17
U. 2602V
U.43'l9l
U. 89*166
I.3260/
1 ,76'l7l
SU.4427U
17
U. 77626
1 .30 it i
^.8S72«!
«>.3|d60
4|.23il9B
5U.6424*
!•>
1 1
" 1000.
600.
300.
215.
176.382
140,
1 " 3
' 1000.
600.
300.
215.
190.
I'IC.
1 3
5 100.
(DF.G-R)
0.32550
C. 52374
1 .0076
1.41267
43.65099
51.97474
0.97151
I.S7750
3.31995
5.90023
45.5043M
52.13136
300.
800.
500.
270.
205.
176.882
130.
800.
500.
270.
209.176
170.
130.
600. 800.
0.37226
0.65890
1.21 764
1. 51513
47.0251 |
I . I I2H5
2.0IVJ3
4.433HO
35.37826
49.047<>4
700.
400.
230.
195.
160.
700.
400.
230.
209.176
150.
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I.S3USM
*.S9b3H
6.32U7*
27.9S726
Mfe.OMJIb
IS
2.03B8H
1.MS464
V.OHI66
3«J.O?.?| 1
Hb.MOIQ'j
IS
2.S327/
M.3032Y
U.077MI
3 J.93601*
M6.72206
1000.
600.
300.
210.
170.
1 3
1000.
600.
300.
230.
170.
1 " 3
' 1000.'
600.
300.
236.
170.
1.92725
1.17019
7.95007
37.27237
M9.MOM93
2.S5502
M.23MM7
12.32699
38.20876
M9. 63097
3.I7M89
S. 29619
17.6)068
39.12311
M9.8M8M5
800.
SOO.
270.
210.
ISO.
800.
SOO.
270.
210.
ISO.
800.
SOO.
270.
210.
ISO.
2.21038
M.I2RI2
10.36763
M2.I7H50
S2.3SB3I
2.93297
S.SB290
I9.3R69S
M2. 72110
S2.SOM66
3.6M-M9
7.06-6H
26.07201
M3.2I232
52.6M729
700.
MOO.
250.|90.
130.
700.
MOO.
250.
I'D.
130.
700.
MOO.
250.|9Q.
130.
DATA TABLE -20
HT.XhF.K.CUEF.-H? 3 M 20
-OVERALL HEAT TRANSFfcR COEFFICIENT FOR HZ ELECTRIC POWERED HEX AS A
FUNCTION OF MASS VELOCITY AMP FLUID INLET PRESSURE.
RtK. AH-7I-7S3S.
PhESSURt (PSIA) IH.7
MA5VbL(LB/HH"IU) U (BTU/HR-R-SQ.IN)
I I
.10
.7S
<!.00
S.OO
i i
.10
.7S
ii.no
•5.00
I 1
.10
,7S
i.OO
•>.oo
1 1
.10
,7S
ii.OO
I 3
.27
1.21
1.97
3.09
3
.3S
I.3S
2.09
3.2S
3
I . M S
2.22
3.M2
3
.50
1.55
2.3M
3.65
.30
1.00
3.00
6.00
.30
1.00
3.00
6.00
.30
1.00
3.00
6.00
.30
1.00
3.00
6.00
lOOi
.70
I.M2
2.3S
3.MS
.78
I.S3
2.MB
3.6M
.88
I.6S
2.61
3.82
.99
1.76
2.78
M.09
SOO.
.SO
I.SO
M.OO
.SO
I.SO
M.OO
.SO
I.SO
M.OO
.SO
I.SO
M.OO
1000.
.96
I.7S
2.73
I.10
I.8S
2.B7
1.20
1.96
3.0M
1.30
2.08
3.22
DATA TABLE -21
MT.XfF.R.CUEF.-02-102 3 M 21
'OVERALL HEAT TRANSFER COEFFICIENTS FOR 02 AND N2 ELECTRIC POWERED HEX
Ab A FUNCTION OF MASS VELOCITY AND FLUID INLET PRESSURE.
RtF. AR 7F-7S3S
PHSSSURt (PSlA) M IM.7
NASVELUB/HK-IN) U (BTU/HR-R-SQ. IN)
IS
.2
.8
2.0
b.O
2U.
IS
i 3
.13
.22
.31
,S7
I . I
1
.4
1.0
M . O
12.0
2S.
100.
.17
.2M
.MO
.76
1.31
SOO.
.6
I.M
6.0
16.0
30.
1000.
.I9S
.27
.M9
.93S
I.S3
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.2 .|4 .4
.8 .225 1.0
<i.O .11 S.O
B.O ,59S 12.0
20. |.|4 25.
15 | * 1
.2 • .(75 .4
.8 .27 1.0
*.0 .38 4.0
B.O ,70U 12.0
2U. |,35 25.
15 | 3
.2 ' .26 .4
.« .39 |.0
<!.0 .52 4.0
B.O .96 12.0
20. 1.635 25.
DATA TABLE -22
.18
.245
.42
.78
1.35
.22
.30
.495
.92
1.615
.31
.42
.67
1.255
2.195
.6
1.4
6.0
16.0
30.
.6
b'.O
16.0
30.
.6
(.4
6.0
16.0
30.
.205
.285
.51
.96
1.57
.255
.34
.60
i.m
I.R8
.36
.47
.82
1.56
2.555
FTU OF 321/347 ST.STEEL 23 22
EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 321/347 STAINLESS STEEL
KEF. SEC.B-LMSC A98I608,PAGE B..I.I-8
TLMHERATUKE: (R) ULT.STRENGTH (PSD
14 |
36.7
2SV.7
55V.7
105V.7
165V.7
DATA TABLE -23
2
266500.
173000.
ioeooo.
TOOOO;
59.7
359.7
659.7
1259.7
1859.7
251000.
143000.
91000.
66000.
32000.
159.7
459.7
859.7
1459.7
207000.
121000.
75000.
63000.
F T U OF"22I9-T87 ALUM. 2 3 2 3
EFFtCT OF TEMPrFATUHE ON THE TENSILE STRENGTH OF 22I9-TS7 ALUMINUM
KtF. SEC.b-LMSC A98l608fPAGE 8.1.1-8
TEMPtRATUME (R) ULT.STRENGTH (PSI)
16
36.7
iiuu.o
35o.n
500.0
65U.
I25S.7
I 2
' 94000.
72000.
67000i
63000.
5SOOOi
6400.
100.0
250.0
400.0
550.0
B59.7
82400.
68500.
66300.
62000.
38400.
150.0
300.0
450.0
600.0
1059.7
76000.
67BOO.
65000.
60000.
16600.
DATA TABLE -24
K T U " F 606I-T6 ALUM IMUM " 2 3 2 4
tFFtCT OF TEMPEFATUKE ON THE TENSILE STRENGTH OF 606I-T6 ALUMINUM ALLOY
HLF. MIL HANDBOOK -•>
13
36.7
200.0
350.0
50U.O
65o. C
(R) ULT.STRENGTH (PSD
I 3
61840.
506JO.
45696.
42840.
38556^
100.0
250.0
400.0
55C.O
57330.
48384.
44940.
41496.
150.0
300.0
450.0
600.0
51340.
46B30.
43848.
40152.
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DATA TABLE -25
F T U O F UICONEL-718 2 1 2 5
KFFtCT OF TEHPEI-ATUKE ON THE TENSILE STRENGTH OF INCONF.L-718
KtF. Mil. HANDBOOK -5.
TEMPtRATUnE (R) ULT.STRENGTH (PSD
II
16.7
20U.O
3SU.O
5<ju.o
I 3
" 219600.
206100*
193140;
IB2I60.
175140.
100.0
250.0
1400.0
550.0
213660.
2012140.
189000.
179460.
150.0
300.0
450.0
600.0
210240.
196200.
IB5400.
177300.
DATA TABLE -26
F T U O h T1-6AL-4V 2 3 2 6
tFFtCT OF TEMPERATURE ON THE TENSILE STRENGTH OF TITANIUM TI-6AL-4V
KEF. MIL MANOHCOK -5.
(R) ULT.STRENGTH (PSD
1 3
206320. IOC. 261600. 150.
226fl80. 250. 212800. 300.
190720. 40C. 181280. 450.
J65230. 55C. 158720. 600.
i4S600i
13
36.7
20U.D
isu.n
5ou.n
6SU.O
200960.
173120.
DATA TABLE -27
HEAU COtFUCIEHf VS'llS 2 3
HF.AU COEF. VS NS (SPEC. SPEED)
HEAU COtF
IS
70.
IUO.
600.
3UOO.
7UOO.
I 2
.665
,65
.60
.323
80.
son.
1000.
•5000.
socn.
.660
.619
.571
.MOO
.261
DATA TABLE -28
AOIABATIC EFT. VS NS 2 1
AOIABATIC EFFICIENCY VS NS (SPEC. SPEED)
ADlAB. EFF
20
70,
100.
400,
700,
ItOU.
2
.00
,08
.37
.845
.8B7
80.
127.
300.
500.
800.
2000.
10000.
.03
.20
.44
.635
.77
.86
.893
27
90.
400.
2000.
6000.
9800.
.655
.619
,5|fl
.363
.192
28
90.
200.
ISO.
600.
1000.
3000.
.06
.30
.505
.69S
.R|
.875
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!
DATA TABLE -29
KFFiC. UUUT.VS IMP. DIAM 2 3 2 9
EFFICIENCY QUOTIENT Vs IMPELLER DIAMETER
EFF.
21 I 2
.05 ' .0 .20 .30 .30 .42
.MO .515 .50 .60 .70 .695
.90 ,755 1.20 .82 1.60 ,8B
*.00 .918 2.40 .945 3.20 .975
M.OO .985 5.0 .988 6.0 ,99|
Y.O ,994 fl.O .997 9.0 .999
10.0 ,9995 11,0 .9999 12.0 1.000
DATA TABLE -30
BASE LINE STAGE WT VS D.I 2 3 30
BASE LINE STAGE WEIGHT VS IMpELLER DIAMETER
STAGE WT.
' 12 I 2
.56 .40 ,70 .415 .90 .44
I.10 .48 1.50 .63 2.0 1.02
«!.50 K72 3.5 3.8 5.0 9.0
6.00 13.80 7.0 20.0 9.0 36.2
DATA TABLE -31
SATURATED STEAM. T.VS P. 2 3 31SATURATED HATER VAPOR .SATURATION PRESSURE AND TEMPERATURE TABLE GIVING
TEMKERATUKE AS A FUNCTION OF PRESSURE.
PSAIWV (PSIA) TSATWV (DEG.R)
21 " I
.08854
.MO
1 .0
7.S
30.0
80.0
492.0
532.86
561.74
639.94
710.33
772.03
.12170
.60
2.0
10.0
50.0
100. 0
500.0
545.21
586.08
653.21
741 .01
787.81
.20
.80
4.0
14.691,
60.0
150.0
513.14
554.38
612.97
672.00
752.71
818.42
200.0 8MI.79 300.0 877.33 400.0 909,59
DATA TABLE -32
SP.MT. OF 0-H COIIB.PROD. 3 3 32
0/F RATIO FROM SP.HT. OF OXYGEN AND HYDROGEN COMBUSTION PRODUCTS AS A FUNCTION
OF IEMPERATURE - FOR CONSTANT PRESSURE.
2500. 3500,
1.50 1.420
3.00 0.9|5
5.00 0.637
8.00 0.442
1.50 1.705
3.00 0.980
5.00 0.703
8.00 0.512
TEnP.
OFKAt
12
0.5U2iou
3i5u
6iuu
" 12
0.5U
2JOU
3i5u
6JOU
- UEG.R
(RATIO) CPBAR
1 3
2.315
1.193
0,824
Oi556
1 3
'2.420
1.270
0,892
0.626
4 7CO.
(RTU/LB-R)
1.00
2.50
4. 00
7.00
I.OC
2.50
4.00
7.00
1500.
1.755
1.035
0.748
0.495
1.845
1.098
0.817
0.56)
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U.SU
2iOu
3jSu
6JOU
I
U.SU
z.uu
12
12
I 3
'2.585
Oi7l7
I ' '
'2.805
1.540
1.102
0.810
1.00
2.50
4.00
7.00
1.00
2.50
4.00
7.00
1.994
1.217
0.918
0.6S8
2 . I8S
1.351
1.021
0.7S8
I .SO
1.00
5.00
e.oo
I.SO
1.00
s.oo
8.00
1.618
1.090
0.79fl
0.608
1.795
1.207
O.B9ft
0.710
DATA TABLE -33
OXYOEN INTERNAL ENERGY 11
OXYC.EN INIERNAL ENERGY AS A FUNCTION OF VAPOR PRESSURE ALONG ISOCHORES
UUNblTY (LB/CU FT) 5 40. SO. 60. 65.
VAPUH PKEbS"(PSIA)INT.ENERGY(BTU/LB)
16
I. -71.576 1. -66.661 5.
IU. -59.824 20. -54.901 40.
6U. -44.881 80. -41.650 100.
2SU. -26.086 , MOO. -16.568 650.
IIOU. -0.169 1400. 4.516 2000.
14
I.
IU.
4U.
IOU.
I80U.
14
I .
IU.
4U.
IOU.
ISOU.
17
I .
IU.
4U.
IOU.
TOU.
200U.
I I
I.
IU.
4U.
I SOU.
2
9.973
' 2
-71.596
-59.982
-49.484
-1(1. 469
-40.664
2
-71.594
-59.961
-49.415
-19.901
-11.050
2
-71.586
-S9.906
.-49.214
-3S.509
-15.264
-10.666
2
-71.599
-60.000
-54.360
-52.714
: 400.
40 .
1.
16.
60.
550.
1000.
1.
16.
60.
250.
2600.
1.
16.
60.
250.
1100.
2600.
1.
16.
200.
2600.
-66.716
-56.820
-45.617
-42.716
-18.S75
-66.709
-56.789
-45.518
-13.400
-28.179
-66.690
-56.706
-45.264
-27.182
-13.829
-8.579
-66.722
-56.847
-54.145
-51.198
5.
20.
70.
1200.
5.
20.
80.
650.
5.
20.
80.
400.
1400.
5.
20.
1000.
70.
•61.902
•48.961
•18.920
-4.121
5.421
-64.068
-55.189
-44.025
•41.725
-64.056
•55.150
-42.462
-12.411
•64.027
•55.050
•42.117
•18.507
•12.766
•64.078
•55.222
•51.411
DATA TABLE -34
HYDKOGFM INTERNAL ENERGY 14
HYDKOGEN INTERNAL ENE«GY AS A FUNCTION OF VAPOR PRESSURE ALONG ISOCHORES
DENSITY (LB/CU FT) 5 .5 1.0 1.0 4.0 4.4
VAPUK PKEbS"(PSIA)INT ENERGY(BTUXLB)
I. 022
12. S
50.
BT.-J
I 12.5
150.
JB7.S
Sou.
-110.455
-89.46
-IP. 76
41.12
59.5
78,8
1.00
25.
62.5
92.1
125.
162.5
-120.511
-64.1)
2.14
49.
65.9
8S.I
7.00
17.5
75.
100.
117.5
175.
•106.718
-40.21
22.11
51.
72.2
91.8
98.|
580.662
200.
moo.
104.6
768.689
500. 259.4
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«!4
1.022
12. «»
so.
H7.S
125.iss.i
187. S
50U.
24
1.022
12. S
50.
87. S
125.
iSI.7
(87. S
50U,
11
1.0
2U,0
5V. 0
ISO,
1000,iii.n
r.o
1S,0
15U.
IOOU,
i ?.
"-111. 786
-102.97
-57.48
-22.47
9.47
14.1
42.9
119.461
1 ' 2 '
'-112.672
-1 1 1.66
-81.81
-65.1
-49^21
-i<;
-17i 1
-20.858
1 2
'-112.784
-106.151
-87.149
-78.572
-62.404
1 2
-112.811
-1 19.626
-109.612
-102.146
-09.091
1.0
25.
62.5
mo.
117.5
162.5
200.
800.
3.0
25.
62.5
100,
117,5
162.5
200,
800.
5.0
10.0
100.0
500.
1.0
10.0
IOC.O
500.
-124.041
.85.46
-45.16
-11.85
19.48
16.1
46.1
197.957
-126.185
-100.16
-77.12
-59.58
.44.28
-18.1
.16.1
-6.112
-122.649
-98.897
-85.024
-76.946
-126.757
.115.819
.108.846
-99.711
7.0
17.5
75.
112.5
150.
175.
240.
1000.
7.0
17.5
75.
112.5
150.
175.
240.
1000.
10.0
40.0
200.0
800.
5.0
15.0
200.0
BOO.
-114.008
-70.77
-11.52
-I.
10.07
19.6
57.0
271.725
-118.855
-91.4
-70.92
-54.11
-19.48
-17.9
-14.2
2.862
-115.617
-92.69|
-81.497
-67.869
-122.774
.110.6)1
-105.896
-91.689
DATA TABLE -35
OXYOEN INIERMAL ENERGY i i 15
EH INIERMAL ENEHGY AS A FUNCTION OF VAPOR PRESSURE ALONG ISOCHORES
LOW DfcNSITlES
(LP/CU FT) 5 .1 ,
VAPOH PKEbS <PSIAJINT.ENERGY(BTU/LB) 1.0
5
1.0
14.696
H
1.0
I4.A96
4U.
11
1.0
14.696
4U.U
7U.O
IOU.O
18
1.
IU.
4U.
IOU.
50U.
)4ou.
" 16
1 .
IU.
6U.
2SU.
1 IOU.
260U.
1 2
• -50.114
66.129
1 2
" -64.M64
18.785
61.659
1 2
• -70, £86
-m.4ie
-16.442
9.082
29.474
1 2
" -71.522
-59. Hll
-47.608
-15.978
0.55S
29.610
1 2
-71,576
-59.324
^-44.881
-26.086
-0.169
9.971
5.
20.
5.
20.
50.
5.0
20.0
50.0
80.0
1.
16.
60.
250.
700.
2000.
1.
20.
80.
400.
1400.
21.105
91.279
14.285
10.918
77.295
58.596
• 16.927
-7.469
(6.858
66.518
55.965
42.970
19.604
16.127
40.08)
66.661
.54.90)
41.650
.16.568
4.516
10.
10.
10.
10.0
10.0
60.0
90.0
5.
20.
80.
400.
MOO.
2600.
5.
40.
100.
650.
2000.
20. 40.
46.217
-5.190
46.280
-49.951
•26.125
.999
24.182
•61,757
-54.152
•19.212
-6.875
2P.614
49.817
.61.982
.48.961
•18.920
-4.121
5.421
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DATA TABLE -36
N VAPOR PRESSURE i
OXYOEH VAPOR PRESSURE AS A FUNCTION
UKHblTV (LB/CU FT) 5 40.
IriT.ENEKG*(BTU/LB) VAPOR PRESS (PSIA)
! 16
OF INTERNAL ENERGY ALONG ISOCHORES
SO. 60. 65. 70.
16
-71.S76
-5V.824
-MS.88|
-26.086
-U.I69
V.971
17
-71.S86
-5V.906
-IV.214
-IV.509
-IS. 264
-10.666
IH
-71.594
-SV.96I
-4V.4JS
-IV.901
-II .(ISO
14
-71,596
-SV.9R2
-4V.4B4
«-41.469
-4U.664
I I
-71.599
-6U.OOU
-54.160
-52.717
\
10.
60.
250.
1100.
2600.
I
I.
10.
40.
100.
700.
2000.
2
I.
10.
40.
100,
1500.
2
I.
10.
40.
100.
1800.
! 2
I.to.
40.
1500.
I
•66.661
-54.901
-HI.650
-16.568
4.516
-66.690
-56.706
-45.264
-27.182
-11.829
-8.579
-66.709
-56.789
-45.518
-11.400
-26.179
-66.716
-56.820
-45.617
-42.716
-18.575
-66.722
-56.8U7
-54.145
-51.198
1.
20.
80.
400.
moo.
1.
16.
60.
250.
1100.
2600.
1.
16.
60.
250.
2600.
1.
16.
60.
550.
1000.
1.
16.
200.
2600.
•61.98;;
•48.961
•18.920
-M.I21
S.421
•64.027
•55.050
•42.117
-I8.S07
•12.766
•64.056
•55.153
-42.462
•12.411
•64.06S
•55.189
•44.025
•4I .72S
-64.07B
-55.22?.
-51.411
5.
40.
too.
650.
2000.
5.
20.
80.
400.
1400.
5.
20.
80.
650.
5.
20.
70.
1200.
5.
20.
1000.
DATA TABLE -37
vAPOp PRESSUKE 17
HYDHOGEfi VAPOR PRESSURE AS A FUNCTION OF INTERNAL ENERGY ALONG ISOCHORES
DENSITY (LB/CH FT) 5 .5 1.0 1.0 4.0 4.4
if.T ENEf!GY(BTU/UD)VAPOR PRESS (PSIA)
<i1
-rju.451)
-69.46
-l«.76
41.42
59. •»
76. B
96.1
•>Bu.66i»
24
-111.786
-IOd.97
-57.48
-22. M7
V.4/
14.1
42. v
1 IV, 461
1 2
1.022
12.5
50,
87,5
112.5
150.
187,5
600.
1 2
1.022
12.5
50.
87.5
125.
I55,|
167.5
506.
-120.511
-64,11
2.14
49.
65.9
85.1
104.6
768.689
-124.041
-B5.48
-45.16
-1 1.58
14.48
16. I
46.1
197.957
1.0
25.
62.5
92.1
125.
162.5
200.
1000.
1.0
25.
62.5
too.
117.5
162.5
200.
800.
-106.718
-40.21
22.11
51.
72.2
91.8
259,4
-i m.ooa
-70.77
-11.52
-1.
10.07
19.6
57.
271.725
7.0
17.5
75.
100.
117.5
f75.
500.
7.0
17.5
75.
112.5
150.
175.
240.
1000.
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' 24 1 2
-112.672 ' 1.022
-III. 6 12. S
-81. HI SO.
-oS.I 87, S
-S9.21 I2S,
-19. I«5li7
-17.1 187. S
-2U.85B sob.
1 3 1 2
-132.784 ' 1,
-lOb.iSl 20.
-8/.149 SO.
-70.S72 ISO.
-62.4(14 1000.
13 1 2
-112.813 |.
-1 IV. 626 7.
- IOY.A32 IS.
-102.346 ISO.
-8y.()9-j 1 000.
DATA TABLE -38
oxYobM VAPOR PF.CSSURC
OXYOtN VAt'OR PRESSURE AS
K'K LOW DfeNSlTIES
DENSITY
IHT,KNEKGV(BTII /LC)VAPOR
S I 2
-SU.I14 " I.O
68.129 m.696
B I 2
-64,464 " I.O
ia.7as m.696
61.657 40.0
II I 2
-7U.286 ' I.O
-4l.4|b 14.696
-I6.4M2 MO.O
Y.082 70.0
2V, 474 IOO.O
18 I 2
-7I.S22 ' I.
-SV.4I1 10.
-47.608 40.
-3'».97» 100.
U.SSb SOC.
2V.6IU 1400.
16" 1 2
-7I.S76 " 1,
-SV.824 10.
-44.H8I 60.
-26.086 2SO.
-U. 16V 1 100.
V.973 2600.
-126. 38S
-100.16
-77.12 ?
-S9.S8
-H4;28
-38,3
-16,1
-6.J12
-122.649
-93.897
-8S.024
-76.946
-I26.7S7
-IIS. 819
-108. 846
-99.711
1 1
A FUNCTION
S .1
PRESS (PSJA)
23. IDS
93.279
-14.28S
10.918
77.295
-S8.S96
-16.927
-7.469
l6«858
-66.SI8
-SS.96S
-42.970
-19.604
16.127
40.081
-66.661
-SM.VOI
-4I.6SO
-I6.S68
4 . S 1 6 '
1.
2S.
62. S
100.
137. S
162. S
200.
800.
S.
30.
100.
SOO.
1.
10.
100.
sou.
18
OF INTERNAL
.4 I.
s.o
20.0
s.o
20.0
SO.O
S.O
20.0
SO.O
80.0
3.
16.
60.
2SU.
700.
2000.
3.
20.
80.
400.
I40U.
-II8.8SS
-9I.4
-70^92
-S4.1I
-19.48
-37.9
-34.2
2.862
-IIS. 6(7
-92.69)
-81.497
-67.869
-122.774
•110.611
•IDS. 896
•91.689
ENERGY ALONG
6 20.
H6.2I7
-S.199
46.280
-49.9S1
-26.I2S
.999
24.382
-61.7S7
-S4.IS2
-19.21,?
-6.87'i
22.634
49.8)7
-61.98;;
-48.96)
-18.920
-4.123
S.42J
7.0
17. S
7S.
112. S
ISO.
I7S.
240.
1000.
10.
MO.
200.
800.
S.
IS.
200.
800.
ISOCHORES
40.
10.
10.
10.
10.0
10.0
60.0
90.0
S.
20.
80.
400,
1100.
2600.
S,
40.
too.
6SO.
2000.
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DATA TABLE -39
ENTHALPY OF L02 22 19
tNTHALpY OF SATURATED LIQUID OXYGEN - REF. NBS TN 184, 7/1/71.
P5AI (PbIA)
21
lu.nov
6^.194
I 5 Y. 926
460.31 V
611.917
H SUB
1
-73.599
-59.977
-45.093
-33.588
-21,640
-12.166
-3.02B
L (BTU/LB)
1.102
20.200
85.011
201.664
348.270
511. 521
650.000
-71.208
•55.096
•41.650
-29.809
-19.427
-9.413
-0.2S1
5.061
40.434
105.755
251.498
404.159
559.96*
700.000
>64.007
-49.310
-39.018
-25.852
-IS.937
-6.438
4.414
DATA TABLE -40
EfiTKALPY OF LH2
PSA I H SUB L
10 | 3
10.0 "-II5.02 20.0
4CJ.O -90.61 50.0
70.0 -73,35 80.0
100.0 -57,71
•IDS.06
-84.SI
-68.06
40
10.0
60.0
90,0
-97.32
-78.80
-62.06
DATA TABLE -41
tNTMALPY OF
ENTHALPY OF
TEMHEHATUHE.
TtflffcHATUHf:'
VAPOK
3 3 41
HELIUM AS A FUNCTION OF VAPOR PRESSURE ALONG
REF. NBS REPORT 9762»AUG.1970
5 30.
(PSIA) ENTHALPY (BTU/LB)
2
Ml.53 I.
43.06 30.
42.36 60.
41.67 90.
100.
O.Oj
2U.
SO.
60.
12 I ' 2
0.01 " 130.38 I.
20. 130.44 30.
SO. 130.54 60.
80. 130.63 9Q.
12 11 ' 2
0.01 254.44 I.
20. 254,61 30.
SO. 254.84 60.
bo. 255.08 9Q.
12 I 2
O.Oj • 502.58 I.
20. ' 502.77 30.
SO. 503.C6 60.
80. 501.35 9C.
12 I 2
0.0) ' 750.71 I.
20. " 750.91 30.
SO. 750.20 60.
80. T5I.50 90.
43.51
42.82
42.13
41.45
130.38
130.47
110.57
110.66
254.45
254.69
254.92
255.16
502.59
502.87
503.16
503.44
750.72
751.01
751.30
751.60
200.
10.
40.
70.
100.
10.
40.
70.
100.
10.
40.
70.
100.
10.
40.
70.
100.
10.
40.
70.
100.
CONSTANT
400. 600.
41,29
42.59
41.90
41.23
130.41
130.51
130.60
130.69
254.51
2S4.76
255.00
255.24
502.68
502.96
503.25
503.54
750.81
750.11
751.40
751.69
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DATA TABLE -42
OXYOEN f c N l H A L F Y (GAS) 1 1 M 2tNTMALPY OF OXYGF.U GAS AS A FUNCTION OF VAPOR PRESSURE FOR SPECIFIED
UtNSITItS. REF. NBS-TN-384tJULY 1971 AND NBS OXYGEN COMPUTER PROGRAM.
DENSITY (LB/Cil FT) S .25 .60 1.0 1.6 2.0
VAPOK PKEiS"(PSIA)ENTHALPY (BTU/LB)
S
14.696
MU.O
6
14.696
4U.I)
9
14.696
4U.O
7U.O
9
14.696
MU.O
7U.O
9
14.696
MU.O
7U.O
1 2
" 16.146
101.917
1 ' 2
' -I4.9S8
41.411
1 2
" -12.084
11.291
1 2
" -41.717
-1 1.812
17.183
1 2
" -44.928
- 1 9.5 1 1
4.671
20.0
SO.O
20.0
SO.O
20.0
SC.O
80.0
20.0
SO.O
8C.O
2C.O
SO.O
80.0
SI. 865
129.215
'
0.450
54.171
-21.990
26.160
52.171
-14.612
-1.682
26.| 16
-18.820
-1 1.029
12.076
10.0
10.0
60.0
10.0
60.0
100.0
10.0
60.0
100.0
10.0
60.0
100.0
77.698
27.109
61,611
-4.666
40.451
65.269
-22.651
7.941
41.214
-28.649
-1.004
26.241
DATA TABLE -43
M f c N T H A L F Y (GAs) 1 1 4 1
ENTHALPY OF HYDROGEN GAS AS A FUNCTION OF VAPOR PRESSURE FOR SPECIFIED
Ufc'NblTItS. REF-KBS REPORT 9288 AND 9711.
(uB/Cl.1 FT) S .OS .20 .SO 1.0 2.0
VAPOR PHEbS" (PSIA) ENTHALPY (BTU/LB)
IU
IU.O
4U.U
7U.O
IOU.0
10
1 "J.U
MU.O
7U.O
IOU.0
10
IS.O
MU.O
7U.U
IOU.0
10
l*>.0
MU.O
7U.U
IOU.0
10
1 •>•
4U.
7U.
IOU.
1 2
93.266
180.721
747.701
1162.921
1 2 "
1H.OOU
92.852
I6| .610
210.212
1 2
' -80.641
-20.679
40.156
90.340
1 2
' -97.191
-60.771
-25.27*>
6.811
1 2
"-105.468
-80.817
-
r
.8.C97
-18.189
20.0
SC.O
80.0
20.0
SO.O
80.0
20.0
SC.O
80.0
20.
sc.
80.
20.
50.
80.
IBS. 4
495.624
880. SIO
4S.2I2
I IS. 055
I81.764
-74.984
.944
59.747
-89.093
-148. 187
-14.124
-99.849
-72.753
-51.360
10.0
60.0
90.0
10.0
60.0
90.0
10.0
60.0
90.0
10.
60.
90.
10.
60.
90.
281.128
619.810
1022.595
57.007
118.126
207.222
-41.292
20.952
7P.699
-74.271
-16.542
-1.629
-89.764
-65.289
-44.792
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DATA TABLE -44
FACTOR FOR PHITHO IN H2-02-N2 ELECTRIC POWKRER HEAT
fcXCHANGtR. BETA IS A FUNCTION OF CRITICAL PRESSURE RATIO.
RtF. AH tl-7535.
OVER PC
12
.01
.20
.en
1.8
BfcTA
2
.33
.35
.1
.HO
I . D
2.2
.31
.39
.52
.52
.12
.60
1.4
2.6
.33
.44
.52
.S2
DATA TABLE -45
SlGriA-OtLiAP F O R IIF.XELC 3 4 4 5
PHtSF.rtTb SIGI'.A-DELTAP AS A FUNCTION OF MASS VELOCITY AND HEAT
EXChANGtR LU.'GTH.
KbF. AK 71-7535.
HtX-l.fcNCiTH
nASvti.(uB/nR.
IS
.10
.60
8.1)0
3u.
IS
.10
.60
8,1)0
3U.OO
IS
.io
.60
4.00
0.00
3u.no
IS
.10
.60
«!.UO
B.un
30.00
IS
.10
.60
<!.un
0.00
3u.oo
j
I
I
I
"
1
( I N ) «5 4.
• I N ) SIG-DELTAP (PSI)
3
.000032 .20
.00094 .60
M . O O
.14
1.6
3
.OOOOS2
.OOI6S
.CI70
.230
2.9
3
.OOOOV8
.0030
.0295
.41
s.o
3
.000)65
.POSM
.6540
.76
9.2
3
.0003
.0095
.092
1.3
IM.7
10.00
40.00
.20
.60
M.OO
10.00
40.00
.20
.80
M.OO
10.00
40.00
.20
.80
M.OO
10.00
40.00
.20
.80
M.OO
10.00
40.00
8.
.00011
.00165
.0360
.200
2.8
.00020
.00295
.061
.350
4.7
.00037
16.
.40
1.00
6.00
20.00
60.00
.40
1.00
6.00
20.00
60.00
.40
.0050
.115
.64
8.5
.00062
.0093
.20
1.2
14.8
.00113
.0165
.35
2.0
26.0
1.00
6.00
20.00
60.00
.40
1.00
6.00
20.00
60.00
.40
1.00
6.00
20.00
60.00
DATA TABLE -46
32. 64.
.00042
.0025
.075
.78
6.0
.00078
.0045
.140
1.30
10.0
.00136
.OOflO
.2MO
2.40
16.00
.0024
.0140
.43
4.30
32.0
.0043
.0250
.74
7.60
57.0
Bt.fA VALUtS F O R H 2 3 4 4 6
VULdfifc tXPANSlVITY (BETA) FOR HYDROGEN AS A FUNCTION OF PRESSURE AND
TtMPF.KAHlRE.
KtF. - Nf>S-TN-6l7tAPRIL I972f NAT.BUR.STANDARDStBOULDERiCOLORADO.
Prttssupt (PSIA) 5 50.0 100.0 200.0 300.0 400.0
TEflHF.f!ATUHK(DE<5-R) BETA (PER DEG-R)
U I 2
*0.0 .0068682 36.Q .0087034 42.0 .0120937
4S.406 JOI5M794 45.406 .0425479 60.0 .0214360
bO.O iOiMOISH US.O .0082872 200.0 .0050429
340iO .0029425 440.0 .0022710 540.0 .0018497
700.0 .OOIM268
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IS
lu.n
•»2.072
60.0
I4S.O
MS 0.0
IS
iu.o
•»B.O
66.0
I4S.O
440^0
IS
*0.0
60.0
70.0
i«;s.o
4MO.O
IS
11). 0
60.0/s.o
1*5.0
440.0
i 2
" .0066720
i030522|
; 0303448
.0085774
;C022692
1 " 2
• .0063024
.OS95IOO
.OH8'l8aO
.009IS77
;00226S2
1 " 2
' .OOS9902
;0360V>9
;06fllM92
.00972U6
.0022609
1 2
" .OOS67SO
.0229678iosmoss
.0102432
.0022563
MO.O
•50.072
70.0
200.0
s^ o.o
40.0
60.0
70.0
200.0
SMO.O
HO.O
64. 0
60.0
200.0
SMO.O
MO.O
66.0
85.0
200.0
•5MO.O
.0101009
.0669217
.0203346
.OOSOS46
.0018476
.009)823
.621 IMSS
.0336912
.OOSI64S
.0018411
.0084433
.08S6922
.0282269
.OOS239I
•OOI83E6
.0078461
.0428049
.0273007
.0053075
.0018339
•50.0
"54.0
80.0
-140. 0
700.0
50.0
62.0
90.0
340.0
700.0
50.0
66.0
90.0
340.0
700.0
50.0
70.0
95.0
340.0
700.0
.0220225
.04P28B3
.0158545
.0029435
.0014250
.Olh63<»7
.1125254
.C.I57B47
.0029448
.0014214
.0137881
.1 174762
.0189064
.0029450
.0014177
.01 19866
,06003«»0
.0186681
.0020442
.0014140
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1. 3 INPUT DECK SETUP
The Math Model Program has a built-in capability to process either a single system
analysis run or multiple system runs. The multiple system runs can be several runs
of the same system or different systems. Average system run times will vary from
approximately 90 seconds (UNIVAC-1108, Exec 8) for an ACPS run to approximately
180 seconds for a fuel cell analysis.
1.3.1 Single System Deck Setup
For a single system setup the input deck setup is of the same general form as given
in Fig. 1.2.4-1, where the system definition card continues the phrase, "LAST CARD"
beginning in Field 4.
1.3.2 Multiple System Deck Setup
For a multiple system deck setup several adjustments are made to the input decks.
First, since the Data Tables are only to be read-in once, only the first data deck
will contain the ADD Card calling for Data Table input. Secondly, the System
Definition card in each input deck, except the last one, will omit the phrase, "LAST
CARD" (Field 4). This phrase must appear in the last deck in order to provide
proper run termination. A typical multi-run deck setup is illustrated in Fig. 1.3.2-1,
showing the card requirements. The illustration assumes the program and Data
Tables are stored in files.
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@FIN
/ INPUT DATA CARDS (DECK-2)
/FUEL CELL SUPERCRIT LAST CARD (SYS DEF.C)
/TABLE ECHO CONTROL CARD (DECK-2)
TITLE CARD
/USER I.D. CARD
/INPUT DATA CARDS
/ACPS SUBCRITICAL
/ @PRT,T
/@MAP,SAI MAP,TCIMMF
@PREP
r
"/©LID
©RUN
(DECK-2)
(DECK-2)
(DECK-l)
(SYS.DEF.CARD)
r@ADD,P TNUMBAG. (DECK-l)
LBLE ECHO CONTROL CARD (DECK-l
PLE CARD (DECK-l)
* I.D. CARD (DECK-l)
TCIMMP
i. TNUMBAG.
^FREE TCIMM.
3COPY,P TCIMM., TPF$.
,G,A TCIMM.
:D
FIGURE 1.3.2-1 MULTI-SYSTEM DATA DECK
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1.4 MATH MODEL PROGRAM MACHINE REQUIREMENTS
The program as it is currently configured requires in excess of 65,000 words of
core storage for both the instruction and data banks. It is, therefore necessary,
to either chain or overlay the program in order to avoid core overflow and truncation.
Since the machine for which the program is intended is also a UNTVAC 1108 multi-
processor, operating under the EXEC-8 system, the option chosen is the use of a
mapped program segment overlay. A third choice, of course, is to break the
large program into two or three small programs which could each process one or
two of the cryogen system analyses. For specialized analysis which concentrated on,
for example, the life support and fuel cell systems, it would be preferrable to use
only those subprograms required and reduce both core loading requirements and
program run time.
The procedures required for developing a program segment overlay are documented
in the UNTVAC manuals (Reference 1.4-1), describing the COLLECTOR processor.
The discussion given in this manual will be limited to the program segment overlay
employed for the Math Model Program.
1.4.1 Segmented Overlay Procedure
The construction of a segmented overlay for a program is accomplished by manipula-
tion of the order in which relocatable elements are collected by the computer operating
system for the production of an executable absolute element. Under the EXEC-8 operating
system, this function is accomplished by the COLLECTOR, a system processor
designed to provide a user with a means of gathering relocatable elements from many
sources (programs) which may then be used in the construction of overlay segments
in order to produce an absolute element ready for execution. Optionally, the
COLLECTOR can be used to produce one relocatable element from a collection of
relocatable elements. The COLLECTOR may be called explicitly by the ATMAP
executive control statement, or, implicitly as a result of the user requesting execution
(ATXQT) of a program which is not in the absolute form. Only absolute elements
procued by the COLLECTOR can be executed.
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The procedure for structuring the overlay segments involved the use of the following
control statements and directives:
(1) Setup the Entry Point Table (ATPREP)
(2) Invoke the COLLECTOR with a ATMAP control statement.
(3) Use the SEG directive to define each program segment in its
preselected order.
(4) Use the IN directive to call explicitly the main or subprogram assigned
in each segment.
(5) Use IN directives to call in BLOCK DATA elements where required in
a segment.
(6) Use the END directive to define the end of source language statements
to be processed.
The SEG directive, or control statement is used to define the relationship and contents
of segments within a program. The format employed is SEG, NAME 1, NAME 2
where NAME 1 is the name of the segment and must be specified. NAME 2 gives
the names of other segments to which the segment NAME 1 is being related. The
first segment named in the source input is called the main segment and is not
overlayed by other segments.
The IN directive, or control statement, allows the user to include any, or all,
elements from any member of files in his collection specifically in the segment named
by the preceding SEG statement.
The structured collection of source statements which make up the map for the Math
Model Overlay is given in Table 1.4.1-1.
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Table 1.4.1-1
MATH MODEL MAP OVERLAY
©MAP,LAI MAP, TCIMMP
C MAPPING DECK FOR TCIMM PROGRAM
SEG MAIN
IN CONTRL
IN SPHTDA
SEG LVLIA*,(MAIN)
IN INTAB
IN COMPIL
SEG LVLIB*,LVLIA
IN CRYCON
SEG LVL2A*,(LVLIB)
IN ACCRES
IN LIQRES
IN TANK
IN VENT
SEG LVL2B*, (LVLIB)
IN APUSUB,APUSUP
SEG LVL2C*, (LVLIB)
IN ECLSS
SEG LVL2D*, (LVLIB)
IN FUELCL
END
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When the COLLECTOR precessor is invoked by means of a ATMAP control statement
followed by a set of source statement mapping instructions, the collector will provide,
as output, the starting addresses of all subprograms and common blocks in the
order defined by the SEG and IN directives. An abbreviated illustration of segment
loading addresses is given in Table 1.4.1-2.
Additionally, the collector presents a graphic representation of the segment MAP
generated giving the quantity of work contained in each segment. The graphic
representation generated for the Math Model Map is presented in Table 1.4.1-3.
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TABLE lA.1-2
LOADING ADDRESSES FOR SEGMENTED OVERLAY
S L I M I T S o o i o o o O6<ui7i
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1.5 ERROR MESSAGES
The size and relative complexity of the Math Model Program is such that the user
must have some means other than the standard computer disgnosties and error
messages to indicate and flag run problems.
Accordingly, several means of detecting run problems and error causing input values
have been incorporated into the program itself. The two main techniques employed
are out-of-range warning messages and built-in error termination. Troubleshooting
the program is simplified by providing within the more sensitive subprograms, a
built-in diagnostic trace technique which will output and flag intermediate values for
the intermediate calculations not normally shown in the program output.
Normally, if no changes have been made in the subprogram coding, an error will
usually be the result of an input data error, either as a wrong input value or the
omission of the value. Since the input data decks are sometimes rather large, new
decks should be very closely checked for keypunch errors and card omissions.
1.5.1 Built-in Diagnostic Trace
The built-in diagnostic trace technique consists of a set of diagnostic flag indices, a
subprogram which verifies the flag and sets the "switch" position, and a set of
diagnostic write statements placed in sensitive subprograms. The diagnostic flag
index permits either single or multiple subprogram diagnosis as desired by the user.
1.5.1.1 The Diagnostic Flag. The diagnostic flag for any of the using subprograms
is controlled through the variable "MDTRC" defined in Procedure Definition Processor
CCNTRL. Input values for MDTRC are placed on the System Definition input data card
described in subparagraph 1.2.2.4.
MDTRC may have a value of either zero or one, and is placed in specific system
definition card positions to activate the diagnostic write statements in any of eleven
(11) subprograms. The card columns utilized for MDTRC are as follows:
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Card
Column MDTRC ( ) = DIAGNOSTIC TRACE SWITCH FOR CRYC0N (O KF
(70) (1) = 1 Turn on ACCRES
(71) (2) = 1 Turn on ACQWT
(72) (3) = 1 Turn on APUSUB or APUSUP
(73) (4) = 1 Turn on CMPCAL
(74) (5) = 1 Turn on FUELCL
(75) (6) = 1 Turn on C0NSUM
(76) (7) = 1 Turn on ECLSS
(77) (8) = 1 Turn on LIQRES
(78) (9) = 1 Turn on TANK
(79) (10) = 1 Turn on TSIZEI
(80) (11) = 1 Turn on WTACC
MDTRC(l) is Card Column 70, —MDTRC(11) is Card Column 80 of the System
Definition Card.
The values for MDTRC are read in the main driver routine C0NTRL and are stored
in C0MM0N/CCNTRL/ for later use in the executive sequencing subroutine CRYC0N.
1.5.1.2 Diagnostic Control Subprogram. The flag MDTRC is tested in subroutine
CRYC0N as each of the analytical subprograms are sequenced. If MDTRC is not
zero then subroutine CRYC0N will turn ON the diagnostic switch for the subprogram
being sequenced. Any other routines or functions called by this subprogram will also
yield diagnostics if equipped to do so. When the diagnostic switch is ON. a function
routine called DIAG is also activated and prints as output the name of the subroutine
being entered and states that a diagnostic trace is in progress. Each time in the sub-
program that a diagnostic write statement is encountered, DIAG is tested and if
found to be activated the write statement is executed. Upon leaving the subprogram
the function DIAG again states the subprogram name and the fact that the subprogram
has been exited.
An illustration of the diagnostic trace output is given in Fig. 1.5-1 for a short trace
used internally in the APU subprogram. The diagnostic trace was setup to be activated
for an APU supercritical analysis, to examine the process of looking up ultimate
strength values in Dat Table-22.
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Since the only subprograms having diagnostic write statements within subroutine
APUSUP were subroutines FINTAB, L0CAT and the function MIPE, the table look-up
procedure examination was straightforward.
As noted in Fig. 1. 5-1, DIAG caused the notation DIAGNOSTIC TRACE to be printed
as subroutine FINTAB was called in. DIAG noted that FINTAB was entered and Data
Table-22 was found and copied. FINTAB was exited and a summary of the X-array
printed out. Function MIPE was then entered followed by a call to L0CAT which was
entered to locate the X,Y subtable which bracketed the desired value of 500°R. The
array subtable limits were output and L0CAT was exited. Function MIPE then per-
formed a linear interpolation of the X and Y arrays to obtain an ultimate stress value
of 115761 psi at the desired temperature of 500 R for the stainless steel oxygen
accumulator tank material. MIPE was then exited with the required data. The sequence
was repeated a second time for the hydrogen accumulator and since operating tempera-
ture and material selection was identical to the first accumulator, the answer obtained
was the same as before. In this instance, the diagnostic output was not labeled by
variable name, however, in other subprograms the diagnostic data appears in
variable labeled format.
Diagnostic write statements will be easily recognized in the various subprograms since
they all start with an IF statement, for example:
IF(DIAG(0,6HFL0RAT))WRITE(I0T,6020)WD0TI, etc.
which says, if the diagnostic switch is turned ON, write out that FL0RAT was entered
and writeout the subroutine input variables starting with flowrate, etc.
1.5.2 Error Diagnostics
In addition to the diagnostic trace for checking out program computation procedures,
there are a number of Error Diagnostics built into the various subprograms which
give a warning if ranges are exceeded, or if things show up out of order. For example,
subroutine CMPCAL computers pressure drops and keeps track of the required system
pressure as the analysis proceeds to work its way toward the supply tanks. If, upon
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arriving at the tank, the subprogram finds the input tank pressure lower than the
required pressure, it will reset the tank pressure equal to the calculated required
pressure and print the following message:
"DIAGNOSTIC* TANK INPUT PRESSURE IS LESS THAN THE REQUIRED
PRESSURE. TANK PRESSURE SET = REQUIRED PRESSURE. TANK
INPUT PRESSURE - . REQUIRED PRESSURE = .
Similar messages warn of the failure of data to converge, or the failure of data to
match preset convergence ranges.
1.5.3 Preset Error Terminations
A number of preset error terminations are provided in the program, in order to
prevent the generation of meaning less data and expenditure of costly run time.
Typical conditions causing error terminations are as follows:
Errors in naming the system on the System Definition Card will always abort
the run. The system name must begin with the three alpha character mnemonics
specified in DATA NAMSYS given in subroutine ST0DTA.
A negative temperature or pressure value will terminate the program in a
number of subprograms.
A temperature or pressure out of preset ranges will terminate the program
in several of the thermodynamic property subprograms.
1.5.4 Errors in Reading Table Data
Subroutine INTAB is provided with a specific set of diagnostic messages in order to
permit rapid isolation of problems in the DATA TABLE input. Usually the
trouble occurs during table update or replacement, however, simple card juxta-
position can also cause a lot of trouble.
The following is a list of Table Data error messages and the table data cards to
examine:
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*ERROR*
*ERROR*
*ERROR*
*ERROR*
*DIAGNOSTIC*
*ERROR*
*DIAGNOSTIC*
*ERROR*
THE NUMBER OF DIMENSIONS IS WRONG. ND =
(See Gp(d) CARD-1).
THE NUMBER OF POINTS IS WRONG. NP -
(See Gp(d) CARD-3).
THE NUMBER OF DATA POINTS IS WRONG. NV =
(See Gp(d) CARD-5).
THE TABLE TYPE IS WRONG. TYPE =
(See Gp(d) CARD-5).
THE NUMBER OF INTERPOLATION POINTS IS WRONG.
NIP = . NIP IS SET EQUAL TO = .
(See Gp(d) CARD-5).
THE ABOVE TABLE NUMBER IS LESS THAN 0 AND GREATER
THAN 50.
(See Gp(d) CARD-1 (NT)).
THE ABOVE TABLE HAS ALREADY BEEN INPUT. THIS TABLE
SHALL REPLACE THE PREVIOUS TABLE. (Check table
numbers-NT.)
THE TOTAL SIZE OF THE TABLES HAS EXCEEDED 7000.
THE REQUIRED SIZE IS . RUN TERMINATED.
Any of the foregoing messages requires action by the user to correct the Table
Data Deck or File.
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1.6 PROGRAM RESTRICTIONS
Program restrictions for the current version of TCIMM are largely self-imposed by
the range of the data used in cryogenic system evaluation. Array size for many of the
program variables can be conveniently changed by adjustment of the PARAMETER
definition statements found in each of the Procedure Definition Processors which define
the common arrays. The array dimensions as currently defined, however, are adequate
for current system concepts.
1.6.1 Program Analytical Range
The program currently accommodates the use of four cryogen fluids: oxygen, hydrogen,
helium, and nitrogen.
Temperature ranges extend to 800°R for O2, Ho, and He and to well over 1000°R
for N?. Pressure ranges extend to 2500 psia for O2, H2, and N« . In this respect
all table data ranges can be extended by simply enlarging the tables.
The configuration table will currently accommodate one hundred components and can
be extended by changing the appropriate PARAMETER statement in PDP-CCNFIG.
1.6.2 Table Data Limits
Current Table Data capacity is limited to 50 tables containing a total of 7000 words.
The number of tables can be changed by altering the value of the NTBN in PDP-CTAB
from 50 to the desired number of tables. The total number of table words can be
changed by alterning the value of MXWRD in PDP-CTABA to the value desired. If
MXWRD is changed, then the "error message" in FORMAT statement 6170 of sub-
routine INTAB should also be changed.
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1.7 TAPE AMD DRUM ASSIGNMENTS
For those facilities which have limited or no-mass storage capability in the
form of FASTRAMD or DISC program storage, tape operation will be required
for Program file and Data Table file loading only. The making of the files
on tape will follow whatever local procedures are used compatible with local
machine requirements. The program uses no scratch or intermediate tapes or
drums for data storage, hence, there will "be no requirement for mounting
extra tapes.
1.7.1 Data Table Tape Preparation
Provisions have been made in the program to produce and use a binary data
table tape, where this is preferred over Data Table Card input, or because
of mass storage limitations.
A binary data table tape can be produced in the course of a normal program
run utilizing existing coding in subroutine I1WAB which is controllable
from the input data, "Table Data Echo Control Card" (Ref. Gp(c) CARD-1,
Sub.sec. 1.2.2.2).
The variables IFT and 0FT which occupy the first two fields of the Table
Data Echo Control Card are utilized for the tape preparation and tape utiliza-
tion functions.
The defined values to be used in the variables are as follows:
IF: IFT = 0 Table Data Input is from Source Cards,
or Mass Storage.
IFT = 1 or 2 Table Data Input is from Binary Tape
loaded from Tape Unit-15.
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IFT>2 Table Data Input is from Binary Tape
loaded from Tape Unit IFT. Where IFT
specifies tape unit number (Example:
IFT = 1?)
IF: 0FT =0 No "binary data tape is to "be made.
0FT = 1 or 2 Binary Data Table Tape will be pro-
duced on Tape Unit - 15.
0FT > 2 Binary Data Table Tape will be made
on Tape Unit 0FT. Where 0FT speci-
fies Tape Unit Number (Example:
0FT = 16)
To make a binary data tape of the Data Tables, the simplest procedure is
as follows:
(a) Assign a blank tape to be loaded in Tape Unit 15, to be reserved.
(b) Set IFT = 0 in Table Data Echo Control Card.
(c) Set 0FT = 1 on Table Data Echo Control Card.
(d) Set NPRT =1 I
 TQ print Table Echo Summary
NPRT2 = 1 j
(e) Load data Table Cards immediately following Table Data Echo Control
Card.
The program will generate a binary data trap and those proceed with the
execution of the run.
1.7.2 Data Table Tape Utilization - -
To use the binary data tape produced by the program, the following procedure
applies:
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(a) Assign the Data Tattle Tape to be read in on Tape Unit 15.
(b) Set IFT =1 on Table Data Echo Control Card.
(c) Set 0FT = 0 on Table Data Echo Control Card.
(d) Set NPRT =1 I To Print Table Echo Summary
NPRT2 = 1 j
(e) Omit Data Table Cards from Input Deck.
The program will now load in the Data Tables from Tape and precede to execute
the run.
1.7-3 Drum and Disc Utilization
Where a facility is equipped with Drum and/or Disc file storage hardware,
both the program and the Data Tables may be conveniently stored as files in
mass storage. Assigning and calling in the files becomes a simple matter
involving only a few control cards.
Detailed procedures for program file generation as well as DATA file generation
are adequately described in the UNIVAC-1108 manuals.
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Section 2
MATH MODEL SAMPLE PROBLEM
In order to illustrate the application of the Math Model Program, a sample problem
for an Attitude Control Propulsion System was assembled and run. The ACPS problem
was chosen because it exercises more of the major subprograms than the other
systems. The sample problem graphically illustrates the conversion of the system
concept schematic and supporting data into a problem data input deck and the analytical
output obtained in the program run.
2.1 THE PROBLEM STATEMENT
The ACPS concept considered was chosen from among similar concepts previously
studied under this contract (Ref. 2.1-1). The concept is illustrated in the schematic
presented in Fig. 2.1-1. The concept is a cold helium pressurized, subcritical
cryogen fluid supplied, bi-propellant gas fed propulsion system. The cryogens are
stored as fluids under low pressure and converted to gasses at high pressure through
the use of high pressure liquid pumps. The high pressure liquids are vaporized in
gas generator fired heat exchangers. The resulting gaseous propellants are then fed
to high pressure accumulators for storage until needed for the engines. Propellant
feed to the engines is through pressure regulations which drop the feed pressure to
the value required for the engines. Oxygen and hydrogen gas at engine feed pressure
and temperature are available to other systems via taps in the engine feed line.
The initial run of the system sample problem will establish the nominal case values
for the ACPS concept and provide the base-line temperatures, pressures, pressure
drops, flow rates, and component and system weights for the specified duty cycle and
performance constraints. Subsequent runs of the sample case would consider the
effects of perturbing the base-line input data in whatever manner is of interest to the
analyst. The collected series of runs would then provide the basis for wide range
performance and trade-off analysis conclusions and recommendations.
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The sample case run herein presented is the starting point, or, base-line concept
analysis.
2.2 PROBLEM OUTLINE -DATA ACQUISITION
The problem outline will be provided to the analyst in the form of a preliminary study
of some sort which will probably need elaboration. Specifically, the analyst will need
to assure himself that the following data sources are in fact available:
Mission Duty Cycl e
Concept Schematic
Engine Concept Details
Tankage Concept Details
Heat Exchanger Requirements
Pump and Turbine Requirements
Gas Generator Requirements
Subsystem Constraints
Plumbing Layout and Approximate (at least) Line Lengths
It should hot be considered unusual if the analyst finds that the data supplied is not
adequate to build an input data deck and that further source interrogation is required.
Assuming the required sources are available, then the task of assembling the infor-
mation into the input data deck format can be accomplished. The following sub-
paragraphs elaborate on the data reduction aspects of this task.
2.2.1 Sample System Performance and Component Data
2.2.1.1 Duty Cycle. For the AC PS sample problem a twelve burn duty cycle rep-
resentative of the total burn and coast times for a typical orbiter seven day mission
was selected. The duty cycle events and pertinent propellant consumption data
obtained from the referenced study are presented in Table 2.2-1.
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TABLE 2.2-1
ACP8 DUTY CYCLE
Event
1
2
3
1*
5
6
7
8
9
10
11
12
13
Ik
15
16
17
18
19
20
21
22
23
2U
Activity
Coaat-1
Burn-1
Coast-2
Burn-2
Coast- 3
Burn- 3
Coast-U
Burn-U
Coast -5
Burn- 5
Coast-6
Burn-6
Coast-7
Burn-7
Coast-8
Burn-8
Coast-9
Burn-9
Coast- 10
Burn-10
Coast-11
Burn- 11
Coast-12
Burn-12
Duration
(sec)
5UO sec
U.58 sec
7975 sec
6.15 sec
209U sec
3.58
536 sec
38.8 sec
206l sec
7.U3 sec
593 sec
3.58 sec
536 sec
66.1 sec
7lU sec
32.3 sec
568 sec
IOU.1 sec.
1876 sec.
31-9 sec
571, OU8 sec
16.16 sec
95&U sec
100 sec
Mission
Time (min. )
0-9.0
9.0-9.07
9.07-114.2.
1U2.0-1U2.1
1U2. 1-177
177.0-177-06
177-06-186
186.0-186.65
186.65-221
221.0-221,12
221.12-231
231.0-231.06
231.06-2^ 0.
2UO.O-2U1.1
2U1.1-253-
253. 0-253. 51*
253.5^ -263.
263.0-26^ .74
26h. 7k-296
296.0-296.53
296.53-981U.
98lU.0-98lU.27
98lU. 27-997U
997U.O-9975.67
Total Deliverable
00-Used
tlbs)
• -
50
-
67
-
39
-
U23
-
81
-
39
-
720
-
352
1135
-
3U8
-
176
- ;
1090
U520
H0-Used2(lbs)
-
1U
-
19
-
11
-
120
23
-
11
-
20U
-
100
320
-
96
-
50
-
310
1278
Total Propellant: 5798
M.I.B. degradation: 0.90
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2.2.1.2 Engine Data. The rocket engine characteristics employed in the problem
are given as follows:
Number of Engines 3
Engine Thrust 1750 Ib
Engine I 420 secsp
Expansion Ratio 40:1
0/F Mixture Ratio 4:1
Propellant Inlet Temp 350°R
Propellant Inlet Pressure 400 psia
Chamber Pressure 250 psia
2.2.1.3 Accumulator Data. The system requires two high pressure accumulators,
one for each of the propellant gases. The accumulator characteristics employed in
the sample problem are as follows:
Characteristic 02-Accum; H2-Accum.
Accumulator Code AC01 AC02
Maximum Diameter (ft) 2.05 5.2
Volume (ft3) 2.5 72.5
Nominal Temp (°R) 350. 350.
Nominal Press. (psia) 2000. 2000.
Material Type 5.5. 5.5.
Insulation Type CDAM/T.G. CDAM/T.G.
Insulation Thickness (in.) 2.0 2.0
Est. Heal Leak Rate (Btu/hr) 0.1 0.2
Allowed Pressure Swing (psi) 500. 500.
2.2.1.4 Heat Exchanger Data. The concept requires two heat exchanger-gas generator
sets for vaporization of the cryogen fluids. The heat exchanger and heat source
characteristics employed in the problem are given as follows:
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Oxygen
Characteristic Side
Heat Exchangers:
Heat Exchanger Code HX01
Hot Fluid Inlet Temp (°R) 2000.
Hot Fluid Outlet Temp (°R) 1100.
Cold Fluid Inlet Temp (°R) 173.
Cold Fluid Outlet Temp (°R) 350.
Hot Fluid Nominal Pressure (psia) 245.
Cold Fluid Nominal Pressure (psia) 2000.
Hot Side Delta-P (psi) 30.
Cold Side Delta-P (psi) 30.
Hot Side Nominal Flow Rate
(Ib/sec) 0.6
Cold Side Nominal Flow Rate
(Ib/sec) 12.3
Heat Source:
Type Gas Gen
0/F Mixture Ratio 1:1
Outlet Temperature (°R) 2060.
Chamber Pressure (psia) 245.
External Available Energy (Btu) 0.
Hydrogen
Side
HX03
2000.
1028.
42.
350.
500.
2000.
30.
10.
2.6
4.3
Gas Gen
1:1
2060.
500.
0.
2.2.1.5 Pump and Turbine Data. Two pump and drive turbine sets are required
for the concept being considered. The pump and turbine characteristics employed for
the sample problem are presented as follows:
Characteristic
Pump:
Pump Code
Type
Pump Efficiency (%)
Oxygen
Side
HP01
Turbo-Pump
52.
Hydrogen
Side
HP02
Turbo-Pump
54.
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Characteristic
Pump: (Cont)
Pump NPSP (psia)
Pump Shaft Speed (rpm)
Pump Outlet Pressure (psia)
Pump Inlet Pressure (psia)
Pump Inlet Temperature ( R)
Pump Drive: — Gas Turbine
Turbine Code
Turbine Mixture Ratio
Turbine Inlet Temperature (°R)
Turbine Delta-P (psi)
Turbine Delta-T (°R)
Turbine Efficiency (%)
Turbine Inlet Pressure (psia)
Oxygen
Side
Hydrogen
Side
8.7
20,000
2023.
17.
165.
1.1
70,000
2023.
17.
37.
GT01
0.891
2000.
230.
840.
55.
250.
GT02
0.891
2000.
480.
840.
36.
500.
2.2.1.6 Cryogen Supply Tankage Data. One tank is required for each cryogen fluid.
Initially, it is assumed that the tanks are spherical since the program will add cylindrical
sections to the tanks if the fluid volume exceeds that of a sphere having an input
maximum diameter.
The tankage characteristics employed in this problem are as follows:
Characteristic LO0 Tank LH^ Tank
Tank Material
Number of Tanks
Tank Code
Acquisition Device
Insulation Type
Pressurization Type
Fluid Initial Temp (°R)
2219-A1
1.
TK01
Surf Tension
DGM/SN
Cold He
165.
2219-A1
1.
TK02
Surf Tension
DGM/SN
Cold He
37.
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Characteristic LO2 Tank LH2 Tank
Tank Initial Pressure (psia) 16. 16.
Pressurant Gas Temp (°R) 170. 40.
Tank Operating Pressure (psia) 26.7 19.1
Tank Vent Pressure (psia) 31.7 24.1
Estimated Heat Leak (Btu/hr-ft2) 0.1 0.2
Insulation Thickness (in.) 2.0 2.0
Optional Input - Fluid Loaded (Ib) (Omit) (Omit)
Initial Percent Ullage 3.0 3.0
Tank Maximum Diameter (ft) 5.07 5.0
Tank Heat Exchanger Outlet Temp (°R) NA NA
Tank Heat Exchanger Delta-P (psi) NA NA
Tank Circular Pump Delta-P (psi) NA NA
Tank Heat Exchanger —
Gas Gen Outlet Temp (°R) NA . NA
Gas Gen Chamber Pressure (psia) NA NA
Gas Gen Mixture Ratio (0/F) NA NA
Tank Insulation — Layers/Inch (Optional) (Omit) (Omit)
2.2.1. 7 Lines, Controls, and Fittings Data. For the sample problem, all lines,
valves and fittings are stainless steel, and are insulated where necessary with one-
half inch of CDAM/TG insulation having a layer density of thirty layers per inch.
2.2.1. 8 System Configuration Data. The remaining data to be assembled quite often
proves to be somewhat time consuming, primarily, because in the concept stage (or,
even in the early design stages) no one seems to know how long the pipes are. There-
fore, one obtains a large set of vehicle drawings and proceeds to obtain approximate
lengths even though they are subject to changes. The task, at hand, is to convert the
system process schematic into a configuration table with a close resemblance to what
the actual system will look like. This is best accomplished by detailing the data for the
oxidizer side of the system first, followed by the data for the fuel side. The data
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collected should be listed in the order required for data deck input. Considerable
time may be saved by using 80 column keypunch worksheets with appropriately ruled
and labeled columns for data collecting sheets and data card production. The basic
information required for the configuration data table as derived from Fig. 1.2-1
and supporting data is presented in Tables 2.2-2 and 2.2-3. The data table will also
require the use of some of the information developed for the larger components
discussed in previous subsections.
2.3 PROBLEM DATA DECK
The sample problem data previously collected (subsection 2.2) can now be readied for
the creation of an input data deck. Formatting information for the necessary data
cards will be found in subsection 1.2.2 in the card format illustration sheets (1.2.2.1
through 1.2.2.17). The AC PS sample problem data input deck produced from the fore-
going procedure is listed in Table 1.2.5-1.
Input Data Decks for other systems are created in the same general fashion as
employed for the sample problem.
2.4 PROBLEM TABLE DATA REQUIREMENTS
While the data tables currently included in the Math Model Program, are adequate for
the sample and test problems used for program checkout, there is no assurance that
this is so for more advanced systems. Therefore, it is incumbent upon the program
user to examine his system carefully for new table data requirements and make the
necessary table substitutions as needed. The following tables are most likely to
need either updating or the substitution of a complete new table of data:
Table Number of
Number pescriptive Title Dimensions
1 RCS - Thruster Weight 4
2 RCS - Vac Sp Impulse 3
9 0MS - Engine Weight 3
10 0MS - Vac Sp Impulse 3
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Table Number of
Number Descriptive Title Dimensions
11 HEX H«ft Gas Flow - L0 5
£
12 HEX H«(t Gas Flow - LH2 5
13 Gas Generator Weight 4
14 L02 — Transfer Pump Weight 5
15 LH2 - Transfer Pump Weight 5
16 Motor Weight (Elec) 3
17 Vac Jacket Diameter vs Weight 2
Care should be exercised in constructing the new table to insure using the same number
of dimensions (variables) as in the original table, otherwise, the coding in the sub-
program table-calling sequence will have to be changed for each place the table is
called upon.
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2.5 PROBLEM DATA OUTPUT
This subsection presents the entire output for the AC PS sample problem. The
output, which follows, is indexed by page number in the header-box top left corner.
This index will be used in describing the several output sections produced in the run.
2.5.1 Output Description
Page 1 Table Data Input Summary -
Lists the tables loaded for the program run.
Page 2 System Input Verification —
Verifies the system name called for on System Definition
Card.
Pages 3,5 System Configuration and Duty Cycle Data —
Echo of data in Input Data Deck.
Pages 6, 11 Echo of Major System Component Data —
From Input Data Deck.
Page 12 Start of Program Calculations;
Computed Engine Parameters —
Characterizes engine weight, propellant consumption
and Isp.
Page 13 Computed Flowrate Data -
Presents flowrate required for subsystem cryogen consumers
and total flowrate from fluid tanks.
Pages 14,15 Computed System Configuration Parameters —
Presents computed temperature, pressure, flowrate, flow
condition and weight for each component item in system
configuration.
Pages 16, 17 Computed Heat Exchanger and Gas Generator Characteristic
Parameters —
Presents summary characteristics and weight data for heat
exchangers and associated gas generators.
Page 18 Computed Pump and Turbine Characteristics —
Presents summary characteristics and weight data for pumps,
turbines and turbine gas generators;
Page 19 Initial Tank Sizing Calculations -
Presents initial tank size and weight data computed on first
estimate basis.
153
LOCKHEED MISSILES & SPACE COMPANY
LMSC-A991396
Pages 20, 32 Tank and Vent Parameter Calculations —
Characterizes oxygen tank history conditions for each Coast
and Burn period of mission duty cycle.
Pages 33, 45 Tank and Vent Parameter Calculations -
Characterizes hydrogen tank history conditions for each
Coast and Burn period of mission duty cycle.
Page 46 Final Tank Sizing Calculations —
Presents final tank size and weight data based upon detailed
calculation of fluid requirements over integrated mission
duty cycle span.
Page 47 Accumulator Sizing Calculations —
Presents accumulator sizing and weight data computed in
program.
Page 48 Tank Propellant Acquisition — Device Computation —
Presents acquisition device computed weight, trapped
propellant weight, and tank residual-propellant weight.
Page 49 Component Weight Summary and System Weight Summary —
Presents a summary of individual component weights and
corresponding insulation weights. Presents subsystem and
systems weight totals.
The following pages present the detailed sample problem output.
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